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INTRODUCTION 
Origin of research 
With the development of large earth moving equip-
ment during the past decade surface mining has increased 
very rapidly. Larger depths of overburden are being re-
moved from above the ore mined. This overburden must 
be placed in spoil dumps, resulting in man-made fills often 
involving considerably more cubic yardage than in large 
earth fill dams. The overburden removal may result in 
steep cuts to depths of hundreds of feet. In addition, 
earthen roads with widths comparable to super highways 
must be built for the heavy equipment to haul out the 
ore. All of these involve in some form or another the 
design, engineering, and placement of fills. Often these 
fills are given such cursory attention in the planning and 
construction phases that serious problems result from 
mass failures, massive erosion with heavy sediment loads 
carried by the runoff, and barren landscapes on which 
vegetation does not re-establish itself for many years, if 
at all. 
Recognizing the existing conditions and potential 
future problems associated with slope stability of over-
burdened spoil dumps created during phosphate surface 
mining in Southeastern Idaho, Paul E. Packer, Research 
Project Leader at the U.S. Forest Service's Forestry 
Sciences Laboratory at Logan, Utah, requested the Utah 
Water Research Laboratory to study the various aspects 
of design and construction of these dumps for stability. 
The primary purpose of the study is to define and de-
lineate in general terms the design and construction 
criteria for building spoil dumps in the steep terrain of 
the phosphate mines in Southeastern Idaho which will 
be stable against massive structural failure and result in 
minimum surface erosion and movement. More specifi-
cally the objectives of the study are: 
1. To determine the engineering (structural and 
hydraulic) properties of the material in the mine dumps, 
and the variability of these properties, from laboratory 
tests on a limited number of samples. 
2. From these properties define and develop 
general criteria to insure stability, considering the struc-
tural characteristics and potential build-up of pore 
pressures. 
3. From analyses of existing hydrologic data 
evaluate possible magnitude of overland flow, surface 
erosion, and sediment loads. 
4. Indicate the type and amount of hydrologic 
and soil property data needed for better future design and 
placement of overburden materials. 
Importance and size of 
western phosphate industry 
As an introduction to this report it seems appropriate 
to give the reader some insight into the economic impor-
tance of the phosphate industry in Southeastern Idaho, and 
its national and international significance in supplying a 
vital resource, phosphorus. It is estimated (Service, 1966) 
that just under 6 billion tons of potential sources of phos-
phorite containing 10 to 31 percent P20 S exist in South-
eastern Idaho within 100 feet below entry level. This is 
the largest phosphate reserve of any state in the United 
States. Presently, Idaho ranks third after Florida and Ten-
nessee in production of phosphate rock. Montana ranks 
fourth. On the national scene the Idaho phosphate reserves 
are considered part of the western phosphate fields, one of 
three major phosphate areas within the United States. Table-
1 shows a comparison of the Idaho phosphate fields with 
other national reserves, and Figure-l shows that most of 
these reserves lie in the southeast corner of the State of 
Idaho. The western phosphate fields contain 49 percent 
of the national potential reserves. Since the United States 
next to Morocco has the world's largest known phosphate 
reserves (see Table 2), the western phosphate industry is 
of world wide importance particularly as one considers 
the increasing needs that the developing coun tries will 
have for phosphate for agriculture and other uses to meet 
their increasing demands for food and fiber. The phos-
phate in the western fields represents over 15 percent of 
the known world reserves. 
The phosphate region in Idaho covers approximately 
10,000 square miles in parts of the following counties: 
Madison, Teton, Fremont, Bonneville, Bingham, Bear Lake, 
and Bannock. By in large this area is located in the moun-
tainous areas several miles from cities or towns of sizable 
populations. A large portion of the phosphate areas lies 
within the Caribou National Forest. Smaller areas are with-
in the Targhee and Cache National Forests, and some with-
in the Fort Hall Indian Reservation. A small percentage 
of the total area is private or vacant public lands. 
The commercially valuable phosphate deposits 
occur in the Meade Peak phosphatic shale, and the Retort 
phosphate member of the Phosphoria formation. A com-
prehensive description of the petrology of the Meade Peak 
phosphatic shale is given by Gulbrandsen (1960), and a 
detailed description of the Phosphoria formation is given 
by McKelvey (1959). A more general classification of 
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Figure 1. Known phosphate reserves in southeastern Idaho. 
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Table 1. Major reserves and potential reserves of phosphate minerals in the United States.a All values are given in 
million short tons. 
Known Reserves Potential Reserves Consumption During 1971 
Source Area Marketable Phosphorus Marketable Phosphorus Phosphorus 
Product Contentb Product Contentb Rock Contentb 
Arkansas No est. No est. 20 2 
Florida 2,250 315 26,000 2,400 33.2 10.625/2.29 
North Carolina 2,240 290 No est. No est. No est. No est. 
Tennessee 65 5 6,000 550 2.6 .687 
Western fields: 4.5 1.241 
Idaho 1,340 145 6,700 740 
Montana 1,100 110 1,400 150 
Utah 900 170 14,300 1,940 Wyoming 
Total 7,895 1,035 54,420 5,782 40.3 12.553 
aOata taken from Lewis (1970) and Lewis and Stowasser (1971). 
bTo obtain tons ofP20 S multiply phosphorus content values by 2.29. 
Table 2. Reserves of phosphate rock and apatite in the 
world,a and production.b 
Production 
of Crude 
Phosphorus Estimate Phosphate 
Content Grade Rock, 1964 
(106 Percent (106 
Country short tons) Phosphorus long tons) 
Morocco 9,200 14 9.9 
United States 6,800 10 23.0 
Tunisia 900 13 2.7 
Algeria 400 12 0 
Other free world 1,000 11 2.4 
USSR 2,600 9 12.8 
Mainland China & 900 North Vietnam 11 0.8 
Total 21,800 Ave. 11.4 1.0 
aOata taken from Lewis (1970). 
bOata taken from Service and Petersen (1967) 
western phosphate ores is available in the Bureau of Mines 
Report of investigation (1964). 
The mining of phosphate in Idaho dates back to 
1909 when the first phosphate ore was produced at the 
Waterloo mine near Montpelier. The ore production has 
increased steadily from this date. The development, 
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history, importance, and nature of this as well as other 
western phosphate industries is well documented by a 
five-part series of reports of investigation bulletins by the 
Bureau of Mines by Service and co-authors (1966). The 
phosphate mining industry is a multi-million dollar oper-
ation providing employment to more than 16,000 individ-
uals, and contributing significantly to the economy of 
the area. Table 3 gives some detailed economics, averages 
and production statistics regarding the impact of the 
phosphate industry about 1966. The facilities invest-
ment of over $654 million in 1966 indicates that the 
growth has been substantial since its beginning in 1909. 
No reasonable estimate is available for the investment in 
allied industries but this is also substantial since the phos-
phate rock is processed to elemental phosphorus, phos-
phoric acid, and phosphate fertilizers. Particularly, the 
former is purchased by allied industries for production 
of the many products containing phosphates. 
Practically all ofthe growth of phosphate mining 
during the past 20 years in Idaho has been aimed at surface 
mining, until at the present all mine production of phos-
phate rock comes from that source. Prior to 1915 all 
phosphate rock produced in the western states came from 
underground operations. The change-over from under-
ground to strip mining has follow~d the trend in other 
mining industries since World War II. The ore lies close 
enough to the surface that with the technological revolu-
tion in large earth moving equipment it is only economical 
to strip out the overlying materials until the phosphate 
ore is exposed. The ore is then also stripped out with 
large scrapers, or crawler tractors and loaders, and hauled 
by truck or carryall scrapers to stockpile areas, from where 
Table 3. Vital statistics concerning the western phosphate 
industry.a 
1. Investment in facilities to 
process ore and manufacture 
phosphate products 
2. Annual payroll 
3. Total employment 
4. Annual expenditures for 
energy and transportation 
a. Electrical power 
b. Natural gas 
c. Shipping of raw materials 
d. Shipping of fmished products 
5. Annual royalty payments to the 
Federal Government 
6. Annual ore production 
7. Lands for which phosphate 
leasing rights exist 
8. Estimate of land to be distri-
buted by strip mining 
a. Strip mined 
b. Stock piling of overburden 
9. Estimate ofland disturbed to 
date (1973) 
a. Federalland 
b. Private land 
654,725,000 persons 
122,840,000 persons 
16,000 persons 
$42,947,000 
13,990,.000 
2,127,000 
9,140,000 
17,690,000 
1,285,000 
4,000,000 tons 
132,500 acres 
26,600 acres 
16,700 acres 
9,900 acres 
3,840 acres 
1,360 acres 
2,480 acres 
antese statistics were abstracted principally from "The Economic 
Importance of the Western Phosphate Industry" (1966) a report 
by member firms of the Phosphate Lands Conference to providt> 
information to the Public Land Law Review Commission as 
requested by Congressman Wayne R. Aspinall. 
it is loaded into railroad cars for hauling to the processing 
plants. 
While the western phosphate industry is already 
important nationally, the trends suggest it will grow in 
importance in future years. Consumption including ex-
ports of phosphat£; rock increased from 20 million short 
tons in 1961 to over 40 million short tons in 1971, a 100 
percent increase. The western phosphate industry is en-
dowed with relatively low cost power and abundant 
resources and should be in a good position to capture 
large amounts of the future expanding markets for phos-
phate rock products. Even if the geographic distribution 
of supply and demand does not change, the western mining 
and processing of phosphate should show a greater in-
crease because the west is showing greater population 
increases than any other part of the country. 
Scope of problem 
In the past, man has been primarily concerned with 
economic aspects of exploiting the mineral resources of the 
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earth and has given only passing thought to the environ-
mental and ecological effects of this exploitation. In recent 
years the concern has changed drastically, however, as the 
general public has become aware that ever increasing de-
mands will be placed on the fixed resources of our globe 
as the populations increase with ever increasing living 
standards. As a consequence, strip mining in general has 
come under severe attack. Even though the phosphate 
mining in Idaho has been spared much of this attack, 
primarily because it occurs in remote areas, the mining 
operation of the future will need to consider what to do 
with what is left behind after the phosphate is removed. 
Popular articles, such as a recent one in the Readers 
Digest, Candill (1973) used such words as, "The assault 
of strip mining upon the land is total. It uproots and 
destroys every plant,and initially at least, drives out every 
creature." These ravenous effects are described as disturb-
ing 4,650 acres a week in the country, with concern ex-
pressed for the fact that at this rate we will soon run out 
of the necessary land needed for food and fiber production 
as well as living space. While there is no doubt that strip 
mining does totally disturb the earth's surface, with proper 
planning and engineering design it need not be permanent 
or harmful. With proper design, the environment and land 
production can be as good or even better than before the 
surface mining. 
In the future it will be necessary for mining indus-
tries to ensure that undesirable after mining effects are 
not present. The criteria of maximum production-minimum 
cost must be flexible and compromised to minimize 
environmental impacts. Minimizing undesirable effects 
will increase both the direct and indirect costs of mining, 
The direct costs will be for planning, data collection pro-
grams, longer hauls, and revegetation. Indirect cost, 
which obviously will ultimately be borne by the industry 
through taxation litigation and other means, will result 
from increased surveillance of surface mining operations. 
For instance, Florida, the state which produces approxi-
mately 80 percent of the nations phosphate at present, 
imposes a.3 percent severance tax on its mineral value 
on all solid minerals mined including phosphate. This 
tax is to become 4 percent in 1974, and 5 percent after 
June 30, 1975. 
This report deals principally with the placement of 
the overburden materials in the rugged terrain of the 
mines to prevent massive failure. As a component of this 
study, it was necessary to predict from limited available 
data the hydrology of the area. A critical need exists for 
on-site daily temperature and precipitation data. Wind, 
humidity, and solar radiation data for a representative 
site are also needed. 
The optimal design and placement of the overburden 
materials are subject to many economic and physical con-
straints, some of which are not compatible. The phosphate 
mines are generally in the mountainous areas of natural 
steeply sloping terrain. Consequently, the slope of the 
fills must also be relatively steep to minimize the area of 
the dump site. Even back filling to the original slope may 
result in slopes that are steeper than tolerable. Otherwise 
the material must be transported long distances and placed 
on more valuable flat areas. Yet the susceptibility of a 
dump to surface erosion and mass failure is directly related 
to the steepness of its sides. The effective establishment 
of vegetation for surface stabilization is also inversely 
related to the steepness of the slope. These, as well as 
preferential placement of removed strata in the dump, 
mechanical and chemical means of stabilization, surface 
drainage design and features, adaptability of native and 
introduced grasses, shrubs, or trees, fertilization, evapo-
transpiration, and a long list of other considerations 
interact with the economics in a complex way to deter-
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mine the optimal design and placement of the material 
in a dump. Since these considerations are not identical 
at all mine sites, even in Southeast Idaho, no attempt is 
made in this report to indicate the optimal design of over-
burden dumps. Quantifying all these factors in preparation 
for use in one of the several available optimization methods 
should be considered future productive research. All these 
considerations need individual attention at specific sites. 
Rather this report defines and utilizes the physical proper-
ties of the dump materials from two sites (the Mabie Can-
yon 72 dump in the Dry Valley Mine, and the Wooley 
Valley Mine both on lands in the Caribou National Forest) 
as determined from a very limited number of field samples 
to give guidance of slopes steepness that should not be 
exceeded if mass failure is to be avoided. 

ENGINEERING PROPERTIES OF 
DUMP MATERIAL 
Material samples 
Samples of material were obtained from the Mabie 
Canyon (or Dry Valley) mine arid the Wooley Valley mine 
overburden dumps both placed during 1971-72. Both of 
these mines are at approximately 42° 50' north latitude 
on an anticlinal mountain ridge top. The elevation range 
of the Mabie mine is between 7,000 and 7,800 feet, and 
of the Wooley Valley mine is between 6,500 and 7,800 
feet. Hydrologic data for these sites are very limited. The 
records at Conda, Idaho, are the closest source of histori-
cal weather data. Estimation of the average annual pre-
cipitation is approximately 22 inches, with approximately 
54 percent of this in the form of snow between November 
1 and April 30. Temperatures vary from -42°F to nOF. 
Winds from the southwest prevail and cause snowdrifts 
to develop on the lee side of the six mile mountain top 
ridge. These drifts have been estimated to reach depths 
of 50 feet and are 400 feet across. More detailed data 
concerning the hydrology of the area are given near the 
end of this report. 
Personnel from the USU Forestry Sciences Laboratory 
obtained a sample of the surface material from the Mabie 
mine dump, denoted by 72(A), and two samples from the 
Wooley Valley mine dump, denoted by 4(A) and 4(B). The 
exact locations where these samples were acquired is un-
known. Subsequent to testing these three samples for some 
of their engineering properties, ten additional samples, 
each approximately 75 pounds in weight, were obtained 
from these two mine dumps. Five were taken from 
each site, mentioned above. These latter samples were 
taken from the surface slope at approximately equally 
spaced intervals starting at the bottom of the Mabie mine 
dump and the top of the Wooley Valley mine dump (see 
Figure 2). In obtaining these samples, no attempt was 
made to determine from which original formation, or 
combination thereof, the samples came. Rather, the 
~amples were taken to measure in a rough manner the 
variation in engineering properties of the materials that 
may exist on the surfaces of the fills. If this variation is 
not too great, as is the case, then meaningful analyses of 
the stability of the slopes under various conditions are 
possible. To identify the results from the laboratory tests, 
the samples taken from each of these sites are first identi-
fied by the name of the mine area, followed by a number 
1 through 5 in parenthesis. Thus, the sample at the 
bottom of the 1972 Mabie Canyon mine dump is denoted 
7 
Northwesterly facing slope 
of the 1972 Mabie mine 
dump 4(5) 
Figure 2. Site for soil samples acquired for testing. 
by "Mabie 72(1)" distinguishing it from the sample col-
lected by the Forestry Sciences Laboratory which is de-
noted by "Mabie 72(A)." Likewise, for example, the 
sample midway up the slope of the Wooley Valley dump 
is denoted by Wooley 4(3) and that at the top by 4(1). 
For brevity in tables and figures the name is often 
omitted giving only the number 72 or 4 followed by the 
sample designation in parentheses. 
Laboratory tests 
The laboratory tests that were performed on the 
various samples are summarized in Table 4. These tests 
are standard and commonly used in determining engineer-
ing properties of materials. Where the test equipment and 
laboratory procedures have been standardized by A.S.T.M., 
the test conforms to these standards. Discussion of the 
various tests can be found in most engineering soil mechan-
ics books or soil test manuals; see for example Karol (1955) 
or Terzaghi and Peck (1967). The results of these tests are 
given in Tables 5 through 12 and Figures 3 through 10 as 
denoted in the last column of Table 4. 
The grain size distributions of the samples are given 
in Figures 3 and 4 and the results from both the sieve and 
hydrometer analyses are tabulated in Tables 5 and 6. 
Commonly used indexes of the grain size distribution are 
the effective size DIO ' the maximum size of the smallest 60 
percent of the soil particles D60 , and the uniformity co-
efficient. These indexes are given in Table 7. The effective 
size DI O is the maximum diameter of the smallest 10 per-
cent by weight of the soil particles, and is the size corres-
Table 4. Laboratory tests obtained from samples. ponding to 10 percent on Figures 3 and 4, and D60 is the 
diameter corresponding to 60 percent. The uniformity 
coefficient is the quotient of D60 divided by D10' The 
samples represent materials of quite different size distri· 
butions, and all of the samples contain a considerable 
weight of fines as indicated by effective sizes in the 
neighborhood of .02 mm and smaller. 
Test 
Grain size analysis 
Sieve analysis 
Hydrometer analysis 
Atterburg limits 
Liquid limit 
Plastic limit 
Compaction tests 
Saturated permeability 
determination 
Direct shear 
Triaxial test 
..... 
..c: 70 bD 
.... 
Q) 
~ 
Samples 
Results 
Given In 
72(A), 4(A), 4(B) Tables 5,6,7 
72(1), 72(3), 72(5) Figs. 3,4 
4(3),4(5) 
72(A), 72(A), 72(1) 
72(3), 72(5) 
72(A) 
72 (A) 
72(A), 4(A), 4(B) 
72(3),4(2) 
72(3), 4(A), 4(B) 
72(3), 4(A), 4(B) 
" 
Table 8 
Table 9, 
Fig. 5 
Table 10 
Table 11 
Figs. 8,9,10 
In carrying out the sieve analysis on the first sample, 
Mabie 4(A) it was observed that particles being retained 
on the sieve after vigorous shaking could easily be broken 
by rubbing between the fingers. Consequently, thereafter 
all sieve analyses were performed by washing the sieves. 
In Table 5 the difference between the results obtained by 
the dry and washed sieve analysis of sample 72(A) shows 
the effect of washing. This difference is not surprising 
since the materials were removed from strata which are 
loosely consolidated. The operations of removal arid place-
ment have broken the material, but many of the particles 
can easily be broken further as they are held together by 
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Figure 3. Grain size distn1mtion of samples taken from Mabie Valley mine dump 72. 
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Table 5. Summary of grain size distribution of soil samples from Mabie Valley mine dump no. 72. 
Grain Percent Passing Sieve or Finer Than 
Sieve Diameter 72(A) 72(A) 
No. (mm) 72(1) 72(3) 72(5) dry sieved washed 
4 4.76 60 79.0 54.8 84.6 85.4 
10 2.0 55.8 64.2 40.6 66.4 72.1 
40 0.42 49.4 48.3 30.8 31.0 47.7 
60 0.25 47.5 42.0 27.5 21.8 43.0 
140 0.10 42.9 32.9 20.9 16.8 37.2 
200 0.074 D(mm) 39.0 D(mm) 29.3 D(mm) 19.1 D(mm) 14.0 D(mm) 36.6 
.0612 29.2 .0635 26.4 .0647 13.9 .0727 33.0 
.0447 24.1 .0460 21.1 .0462 12.3 .0521 31.8 
.0290 17.2 .0298 15.2 .0300 8.6 .0373 30.6 
.0174 12.1 .0176 9.9 .0177 5.7 .0271 28.8 
.0123 10.0 .0126 7.2 .0126 4.9 .0257 28.8 
.0088 8.0 .0089 5.3 .0089 3.3 .0179 24.0 
.0044 2.3 .0044 3.95 .0044 2.05 .0128 20.4 
.. 0018 1.5 .0019 2.6 .0019 1.65 .00934 17.4 
.00676 15.0 
.00564 13.2 
.00423 11.4 
.00295 8.4 
.00218 7.2 
.00129 4.2 
.00073 1.2 
Table 6. Summary of grain size distribution of soil samples from Wooley Valley mine no. 4. 
Grain Percent Passing Sieve or Finer Than 
Sieve Diameter 4(1) 4(3) 4(5) 4(A) 4(B) 4(A) 
No. (mm) washed washed washed 
4 4.76 84.8 70.4 81.3 60.6 56.7 61.5 
10 2.00 80.4 62.9 76.5 47.9 44.1 47.3 
40 0.42 72.9 52.5 65.4 38.8 34.3 26.1 
60 0.25 64.5 47.3 59.9 36.4 29.4 20.2 
140 0.10 51.9 36.5 48.5 34.4 26.1 15.8 
200 0.074 D(mm) 47.0 D(mm) 32.9 D(mm) 44.1 25.3 20.8 9.9 
.06 42.9 .062 23.0 .058 39.4 
., .044 36.1 .045 18.8 .043 31.6 
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t<igure 4. Grain size distributions of samples taken from Wooley Valley mine dump 4. 
weak cohesive forces (or possibly capillary tension of soil 
water). 
Classification of materials according to size denotes 
particles retained on a No. 10 sieve as gravel; retained on 
the No. 40 sieve as coarse sand; retained in the No. 200 
sieve as fine sand; and silts from .002 mm in size to that 
retained on the No. 200 sieve, The clay size is less than 
.002 mm in diameter. Consequently, the samples tested 
contain relatively small amounts of clay size particles, but 
a sizable portiQn of silt size. For example, Mabie Valley 
mine sample 72(A) which has the greatest percentage of 
clay size particles contained the following percentages of 
sizes. 
Gravel 
Coarse sand 
Fine sand 
Silt 
Clay 
28 percent 
24 percent 
11 percent 
30 percent 
7 percent 
10 
Atterberg limits 
The water content of earth material affects its con-
sistency. At high water content a fine grained soil becomes 
a slurry and upon drying passes from a liqUid state to a 
plastic and finally a solid state. The Atterberg limits deter-
mine the water content when the material gradually passes 
from one state to the next, and these limits provide con-
siderable information regarding the suitability of the 
material for different engineering purposes. The Atterberg 
limits for sample 72(A) are contained in Table 8. The 
plastic limit, determined from the average of the four 
determinations, is 21.8 percent, and the liquid limit corres-
ponds to a water content of 26.0 percent. The plasticity 
range of the material is consequently relatively small. 
The plasticity index, which is the numerical difference 
between the liquid and plastic limit, equals 4.2. The 
plasticity index and the liquid limit have been combined 
in a plasticity chart (see for example Terzaghi and Peck, 
Table 7. Common indexes of grain size distribution. 
Dia. of 10% Dia. of 
finer, effective 60% finer Uniformity 
Sample size, DIO (mm) D60 (mm) Coefficient 
Mabie 72(A) .0036 1.22 340 
Mabie 72(1) .0123 4.76 380 
Mabie 72(3) .0178 1.30 73 
Mabie 72(5) .035 6.50 190 
Wooley 4(A) 4.7 
Wooley 4(B) 6.0 
Wooley 4(1) .017 .17 10 
Wooley 4(3) .022 1.1 50 
Wooley 4(5) .02 .25 13 
Table 9. Summary of compaction tests. 
Water Content Saturation 
Sample w=Ww/Ws S=Vw/Vy 
Mabie 72(A) .17 89.5% 
Wooley Valley no. 4-(A) .11 90.3 
Wooley Valley no. 4-(B) .17 82.6 
Table 10. Summary of permeabilities. 
Dry Density 
Sample No. lb/ft3 (N/m3) 
Permeability 
ft/day (em/sec) 
Wooley 4(2) 118 
Wooley 4(2) 125 
Mabie 72(3) 110 
Mabie 72(3) 101 
1.85 x 104 .0454 1.6 x 10-5 
1.96 x 104 .0219 7.72 x 10-6 
1.73 x 104 .000326 1.15 x 10-7 
l.Wx 104 .00496 1.75 x 10-6 
1967) by Casagrande to provide indication of many useful 
properties of material. The plasticity chart on the basis of 
the Atterberg limits classifies this material as MC or CL 
indicating inorganic silts and very fine sands, silty or clayey 
fine sand with slight plasticity. Since less than 50 percent 
of the material possesses the 200 sieve its classification is 
8M (or for some samples 8C). The Earth Manual (1964, 
p. 22) indicates that the material should: (1) Be semi-
pervious to impervious, (2) have fair shearing strength 
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Table 8. Atterberg limits of soil sample, Mabie 72(A). 
Liquid Limit Plastic Limit 
Determine Percent Water Percent Water 
1 25.57 21.6 
2 27.61 22.2 
3 25.69 24.2 
4 25.78 21.1 
5 24.71 
6 26.95 
Ave. 26.0% 21.8% 
Optimum Compaction 
Dry Density Bulk Density Void Ratio Porosity 
lb/ft3 lb/ft3 e=Vy/Vs =Vy/V 
110 131 .503 .335 
125 139 .323 .244 
107 125 .545 .3529 
when compacted and saturated, (3) have medium 
compressibility when compacted and saturated, (4) 
have fair to good workability as a construction material, 
(5) have a high susceptibility to front heave. These 
properties are verified by the other samples. 
Compaction tests 
The results from compaction tests are given in 
Figure 5. The improvement in the structural properties 
of earth material due to compaction are well known. 
Three variables are involved in considering compaction; 
the moisture content of the material, the compaction 
effort, and the density of the material being compacted. 
Proctor's work helped focus attention on the importance 
of moisture content and has resulted in the standard 
Proctor compaction test used herein. The standard Proc-
tor test consists of dropping a 5.5 lb tamper from a height 
of 12 inches, 25 times onto each of three successive 
layers of soil in a Proctor cylinder. The Proctor cylinder 
is 4 inches in diameter, 4.5 inches high, and contains a 
volume of 1/30 cubic foot. By varying the moisture con-
tent it is possible to determine the water content that will 
result in the greatest compaction under this procedure. 
Table 11. Results of the soil fertility tests. 
ECe 
Sample No. pH mmhos/cm 
Mabie 72(1) 7.6 .5 
Mabie 72(2) 6.8 .2 
Mabie 72(3) 7.7 .2 
Mabie 72(4) 8.1 .3 
Mabie 72(5) 7.9 .3 
Wooley 4(1) 7.2 .3 
Wooley 4(2) 8.0 .2 
Wooley 4(3) 7.9 .2 
Wooley 4(4) 8.0 .3 
Wooley 4(5) 8.0 .2 
a 0 none 
+ some 
++ high 
Table 12. Summary of results from direct shear tests. 
Friction Cohesive Strength 
Sample Angle kgfcm2 Ib/ft2 
Mabie Valley 72(3) 31.00 .260 533 
Wooley Valley 4(A) 36.90 .325 666 
Wooley Valley 4(B) 40.30 .231 474 
(Densities at optimum value given in Fig. 5.) 
mine ,dump * 4-A 
120 
100 
10 15 20 
Water Content (%J 
Figure 5. Standard Proc;tor compaction test results. 
P K 
ppm ppm Texture Umea 
12 
49 100 Silty Clay Loam + 
18 24 Silt Loam 0 
46 65 Silt Loam + 
12 30 Silt Loam ++ 
28 55 Silt Loam + 
26 30 Silt Loam 0 
57 40 Silt Loam 0 
60 35 Silt Loam + 
102 50 Silt Loam 0 
58 39 Silt Loam 0 
The only compacting that occurs during normal 
operations in placing the fills in the spoil dumps in South-
east Idaho at present is due to the earth hauling and placing 
equipment. This compaction effort is hard to define fully 
but is obviously considerably short of that achieved by the 
standard Proctor test. No tests were conducted in the field 
to determine the compaction achieved. The optimum com-
pactions achieved in the Proctor tests produced the void 
ratios, porosities, etc., in the soil samples (based on a 
specific gravity of the solids equal to 2.65), as given in 
Table 9. 
Permeability 
Permeability tests were performed on samples from 
both the Mabie Valley mine dump, and the Wooley Valley 
mine dump. One permeability determination was made 
with the material compacted to the density at optimum 
moisture content as determined by the Proctor compac-
tion test, and one with the dry density from 7 to 9 pounds 
per cubic foot less than this. The results from these per-
meability determinations are given in Table 10. As sug-
gested by the content of fine materials in the samples, 
the permeabilities are very low. At the less dense com-
paction the permeability of Wooley 4(2) equals 1.6 x 
10-5 em/sec and for Mabie 1.75 x 10-6 em/sec. 
To provide some interpretation of the meaning of 
these low permeabilities, assume that water is moving 
vertically downward through the soil under the unit 
gravitational gradient (Le., no pressure, capillary, or other 
gradients exist). The Mabie Valley material 72(3) at the 
lower density of 101/ft3 in Table 10 (k=1.75 x 10-6 
cm/sec) would be capable of absorbing only .0595 
inches of water per day. In other words, it would require 
approximately 16 ~ days for 1 inch of water to be 
absorbed by the soil over the entire surface. The greatest 
permeability k = 1.6 x 10-5 cm/sec as determined for 
Wooley 4(2) with a dry density of 1181b/ft3 is also for 
practical purposes in the category of impervious. For this 
soil it would require 1.8 days to absorb 1 inch of water 
under the conditions stated above. 
These low permeabilities indicate that water from 
spring snow melt or rainfall will not penetrate very deep 
into the soil and that relatively small amounts of this 
precipitation will be stored in the placed fill unless the 
material is treated to increase its permeability. Various 
types of treatment are available for increasing the per-
meability of surface materials. While this subject will not 
be dealt with herein, it seems appropriate to mention that 
mulching with vegetative matter will accomplish this and 
will simultaneously protect the surface from erosion and 
also aid revegetation. A relatively recent study by Miller 
and Aarstad (1971) demonstrates straw mulching effects 
on increasing inftltration rates, and a recent study by 
Meyer, Wischmeier, and Daniel (1971) evaluated the effec-
tiveness of various revegetation practices on denuded con-
struction sites on an eroded Miami silt loam. They found 
that the only treatment of the six they studied to effec-
tively control erosion was straw mulch. Of the five 
treatments studied for revegetation, applied topsoil was 
the most successful. Meyer et al. (1970) discusses mulch 
rates required for steep slopes. 
Since the fill material will be unsaturated generally, 
except at the surface during periods of rainfall or snow 
melt, a more realistic picture of moisture movement from 
the surface can be preclicted using unsaturated flow theory. 
No laboratory tests are available to define the soil's un-
saturated hydraulic properties of moisture content versus 
capillary pressure, or relative hydraulic conductivity 
versus capillary pressure. However, a rough estimate of 
parameter values for equations, such as the Brooks-Corey 
equations (Brooks and Corey, 1966), might be made and 
then used in unsaturated flow theory to estimate such 
moisture movement characteristics as the soils inftltration 
capacity, and the rate and depth of penetration of the 
wetting front due to water saturating the surface for 
specified times. These predictions will be made using the 
dimensionless infiltration characteristics developed by 
Jeppson (1972), from numerical solutions of the un-
saturated differential equation of flow. For instance, if 
the following parameters for the Brooks-Corey equations 
are used (these are reasonable from examining data from 
the soil test): (1) Pore size distribution exponent A = 1.5, 
residual saturation Sr = .15, and the bubbling pressure 
head (Pb/ pg) = 1.0 ft (30.48 cm), then the infiltration 
capacity curve for the Wooley 4(2) soil compacted to a 
dry density of 118Ib/ft3 (1.854 x 104 N/m3) would be 
as given by Figure 6. Figure 6 has been developed from 
Jeppson (1972, Figure 48, p. 36) which assumes an 
initial capillary tension of 312 pounds per square foot 
(l.49 x 104 Nsm) on the soil surface, or a saturation 
of 22.6 percent i.e., a moisture content of .0647 ft 3 of 
water per cubic foot of bulk material, and that during 
inftltration the soil surface is maintained at 98 percent 
saturation, but no water pan ding exists on the surface. 
The depth to which the infiltrating water has pene-
trated, at any time, locates the position of the so-called 
"wetting front." While the wetting front is not a sharp line, 
a rapid change in soil water conditions does exist over a 
relatively small distance when water moves into dry soil. 
Just ahead of this wetting front the soil moisture condi-
tions are not affected by the infiltrating water, for prac-
tical purposes. Using the same parameters for the 
Brooks-Corey equation as given in developing the infiltra-
tion capacity curve, the depth of the wetting front as a 
function of time can be obtained from Jeppson (1972, 
Figure 61, p. 50), as shown in Figure 7. 
From the analyses based on the permeabilities 
determined from the soil samples it becomes evident that 
the moisture which will penetrate the fill during the spring-
snowmelt and rainfall period will have little effect on the 
stability of the slopes against massive failure. The small 
infiltration capacity of the material will cause the precipi· 
tation to run off from the dump. Unless this runoff is 
controlled, surface erosion will occur, particularly since 
the material contains a large percentage of sil t size particles 
and consequently is susceptible to erosion. The low per· 
me abilities also indicate that the material will not store 
sufficient soil water during rainstorms to supply water to 
vegetation during no-rainfall periods. Revegetation prac-
tices must include those that will increase the permea-
bility of the surface materials on the slope or supplemental 
irrigation water will need to be applied. It is well known 
that decaying roots and other organic matter can greatly 
increase the permeability of soil. Cracks due to drying 
also substantially increase permeabilities, at least during 
the short time from the initiation of infiltration, but 
the low clay content of the tested material indicates a 
minimum amount of cracking will occur. During visits 
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to the Mabie 72 dump little or no evidence of cracking 
of any significant magnitude was observed. The visits to 
the Wooley Mine dump likewise showed little cracking 
except in those portions along the slope where surface 
slippage had occurred. These cracks were wide and deep 
into which considerable water might enter, and perhaps 
even create sufficient pore pressure to cause additional 
fallure of the surface. 
Fertility of soil 
Samples from both mines were taken to the soils 
laboratory for determination of the available plant nutrients. 
The results from these tests complement and corroborate 
results from previous fertility determinations, reported by 
.9r---~-'------,------,------,------, 
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Figure 6. Theoretically developed infiltration capacity 
curve for Wooley 4(2) compacted to a dry 
bulk density of 118 Ib/ft3. 
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movement of the wetting front caused by 
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Bare (1970 and 1973) that the mine dump material is in-
herently infertile, and will require application of consider-
able quantities of supplemental fertilizers to support plant 
growth. The results from the soils laboratory analyses are 
given in Table 11. These nutrient determinations indicate 
a serious deficiency of potassium in all samples. It is a 
safe assumption that the soil contains essentially no avail-
able nitrogen. For most plants there is an ample supply of 
available phosphate. For instance the minimum phosphate 
required for dense grass growths is 9 ppm and the samples 
con tain from 12 to 102 ppm (see Table 11). 
The amount of supplemental fertilizer needed de-
pends on many factors, but more is known regarding 
agricultural crops. However, Reuel E. Lamborn, Director 
of Soil Testing Laboratory at Utah State University, gave 
the following verbal recommendations for fertilization of 
the mine dumps. 
1. Apply a minimum of 200 pounds per acre of 
potash. The potassium needed for plant growth is 75-100 
ppm . 
2. A desired level of nitrogen would be 100 
pounds per acre. To produce this amount would require 
300 pounds per acre of ammonium nitrate. 
Fortunately, the dump material does not contain 
chemicals toxic to plants in large enough amounts to be 
any problem. The material which remains on the surface, 
however, after completion of the dump under present 
practices, came from approximately 100 feet (30.48 m) 
below the surface and therefore micro organisms are not 
likely present. 
Direct shear tests 
Direct shear tests were performed on samples from 
both the Mabie Valley and Wooley Valley mine dumps. 
A summary of these test results is given in Table 12. The 
results from these tests were somewhat perplexing since 
the material was cohesionless from all outward appear-
ances, yet the test data indicated it had cohesive strength. 
In each of these direct shear tests at least three separate 
normal loads were applied, giving normal stresses ranging 
from 6.03 lb/in2 (.424 kg/cm2) to 10.13lb/in2 (.712 
kg/cm2). The test on each sample provided data which 
defined the strength envelope without excessive scatter 
of the points, and yet extrapolating this strength envelope 
to a zero normal stress resulted in the cohesive strengths 
given in the last column of Table 12. Upon completion of 
the tests, after the sample had failed in shear, there was 
no visual evidence of any cohesive strength of the material. 
The proper operation of the test equipment was verified 
by use of a sample of sand, but this test produced a zero 
cohesive strength with approximately the same moderate 
degree of data scatter which exists for the mine dump 
samples. 
The probable explanation of the cohesive strength 
of the material, as determine\! from the direct shear test, 
is that the material is angular, being recently removed from 
loosely consolidated formations. The larger angular particles 
are capable of interlocking under normal stresses such that 
the material exhibits cohesive strength. This fact suggests 
that the subsequent analyses in this report are conservative 
regarding the stability of the slopes based on the in ternal 
friction angle determined from triaxial tests and zero co-
hesive strengths. 
Triaxial tests 
In triaxial compression tests, a cylinder of soil is 
placed in a rubber membrane a~d subjected to lateral 
pressure uniformly distributed over the surface of the 
cylinder while an axial load is applied to the sample until 
it fails. Although the loads applied are compressive, the 
sample fails from shear stress on internal surfaces. The 
results from the test can, therefore, be used to determine 
the internal friction angle and cohesive strength of the 
material from stress theory and by use of Mohr's circle of 
stress. A brief description of stress theory and triaxial tests 
is contained in Appendix A which describes some en-
gineering principles of slope stability. 
Table 13 provides a summary of the results from the 
triaxial tests. These tests were performed by placing the 
room dry soil in a rubber membrane held at a constant 
diameter. Therefore, no pore pressure due to water satura-
tion of the soil could develop and the tests fall in the cate-
gory of drained consolidated triaxial tests. The axial strain 
versus normal stress applied to the test samples are given 
in the upper portions of Figures 8,9, and 10. Upon failure 
of the sample the lateral pressure equals the minor prin-
cipal stress, and the stress from the axial load plus pressure 
gives the normal stress which is the major principal stress 
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Table 13. Summary of triaxial tests results. 
Item Sample 
Mabie 72(3) Wooley Valley 4(A) Wooley Valley 4(B) 
(U3)1 10 psi 10 psi 10 psi 
(al) 1 38.0 psi 54.4 psi 43.5 psi 
(u3h 20 psi 20 psi 20 psi 
(u1)2 67 psi 100 psi 93.0 psi 
( CP)1 35.68° . 43.59° 38.77° 
(cp h 32.70 41.81 ° 40.24 
(cp) (34.2lj 39.8° (39.5° ) 
C 0 2.06 psi 0 
a1 . These principal stresses have been plotted to give the 
Mohr's stress circles in the lower portions of Figures 8, 9, 
and 10. The strength envelopes, also shown in the lower 
portions of Figures 8, 9, and 10, were fitted to the Mohr's 
circles to provide the values of the internal friction angle, 
cp and cohesive strength, C, given in Table 13. The value 
for cp and C as determined from the triaxial tests have cp 
been used to give a rather complete analysis of the stability 
of the dump fill under different slope and moisture con-
ditions. These analyses are contained in the next section. 
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ANAL YSES OF SLOPES AGAINST 
MASS FAILURE 
The analysis of an earth fill or natural sloping sur· 
face is an art as well as a science. While the basic principles 
are known, earth slopes generally consist of heterogeneous 
materials, and may be subject to variable conditions of 
soil moisture and other forces such as those from earth· 
quakes, in various combinations which are difficult to 
predict. Consequently, the use of engineering principles 
must be tempered with judgment. 
Appendix A provides a description of the principles 
of slope stability and the methods used for their analysis. 
Books dealing with Engineering Soil Mechanics provide 
more complete descriptions of these principles. A common 
method for analyzing the stability of a slope is by the 
method of slices, which assumes the mass failure will occur 
due to shear failure along some curved surface within the 
soil. The ordinary method of slices completely ignores the 
forces on the sides of each slice; to include them would 
make the problem indeterminate, requiring considerable 
computation as well as the material properties of strain 
versus stress. A relatively recent modification of the 
method of slices called the simplified Bishop Method 
(based on a method proposed by Bishop, 1955) allows 
for horizontal side forces, yet is relatively easy to imple· 
ment in an analysis. The modified Bishop Method has 
been used to provide the results for the slope stability 
analyses which follow. A number of studies have confirmed 
that the simplified Bishop Method gives good accuracy for 
slope stability analysis along a cylindrical slip surface 
(Morgensten, 1965; Nadis, 1971; Pilot, 1972; Wright et aI., 
1973). However, since the soil properties may vary con· 
siderably any method for analyzing slope may give in· 
consistent reliability. 
A computer program was written to implement the 
simplified Bishop Method. A listing of this program is 
given in Appendix B, which was developed from a program 
provided by Fred Kiefer, Associate Professor at Utah State 
University. The present program includes the additional 
logic needed to search out the center of the circle which 
gives the minimum safety factor against failure, as well 
as simplifies the type of input data required to define a 
problem. A brief description of the logic used in the pro· 
gram will help in interpreting the results from the stability 
analyses. 
The computations necessary for the analysis of a given 
slope by the simplified Bishop Method are described in 
Appendix A. The resulting factor of safety determined 
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from these computations depends upon the center selected 
for the failure circle, as well as where it is assumed this 
circle intersects with the slope. Commonly, a series of 
solutions is obtained, each giving a safety factor against 
failure. That circle giving the smallest factor of safety is 
assumed to give the ~rc along which the soil will fail 
should a failure occur. Generally the safety factor is 
quite insensitive to the position of the center provided it 
is in the general neighborhood of the most critical center. 
Bearing this in mind, the logic which has been used to 
locate the most critical center is a compromise between 
efficiency of computation and locating the most critical 
point. This compromise uses an optimization search, the 
Fibonacci Method, that allows the objective function, in 
this case the minimum safety factor, to depend upon only 
one variable. Obviously the circle center really is a function 
of both its x and y coordinates. However, by allowing the 
center to lie only along a spiral of Archimedes, defined 
by the equation, 
r = ro + a () . . . . . . . . . . .. (1) 
it becomes only a function of () , but at the same time is 
allowed to move within the plane of the paper. In Equa· 
tion (1) ro is the distance from the origin (x = 0, y = 0) 
to the center of the spiral located at xo' Yo' a is a con· 
stant and e is allowed to vary between zero and a maxi· 
mum value (J max' Figure II shows this spiral along with 
the failure circle through the side fill. The Fibonacci search 
calls upon the program subroutine repeatedly which im· 
plements the simplified Bishop Method until the smallest 
factor of safety is achieved with the center of the circle 
confined to lie on the spiral of Equation (I). The be· 
ginning of the spiral, Xo and y 0 (where (J = 0), the 
maximum angle of the spiral (J max' and the radial value 
for a in Equation (1) are specified. The Fibonacci search, 
therefore, is on (J within the range from 0 to (J max' 
The computer program evaluates the specific weight 
of the soil needed in applying the method of slices by first 
determining the dry specific weight from the specified void 
rati? and the ~pecific gravity of the solids (Sgr = 2.65), and 
addmg the weIght of water per unit volume which is con· 
tained within the materiaf, to this amount. This method of 
determining the specific weight allows the saturation of the 
soil above the water table to be specified. 
The position of the water table is specified by either 
giving the vertical depth from the sloping surface to the 
water table at the center of each slice used in the compu-
tations, or by specifying a horizontal water table, the 
elevation of which within the fill is given as data input to 
the program. With the latter specification the water table 
coincides with the side of the fill at elevations below the 
specified amount. Pore pressures resulting from these 
water tables are computed from the hydrostatic pressure 
equation p = 62.4d (lb/ft2) in which d is the.vertical 
distance from the water table to the point where the pore 
pressure is to be evaluated. In the first alternative, gi~ng 
depths to the water table, positive pressure immediately 
below the slope surface, or pressure greater than hydro-
static pressures from the surface, can be specified by 
negative depths. These several alternatives for specifying 
water table positions allow considerable flexibility in 
duplicating conditions which might be known from field 
measurements. 
For use herein, however, water table specifications 
have: (1) Assumed no water table (or zero pore pressures) 
within the dump, (2) placed the water table coincident with 
with the soil surface resulting in complete saturation of 
the fill, and (3) placed the water table at intermediate 
levels within the fIll. The pore pressures resulting from 
the complete saturation specification are close to those 
that would result from sudden drawdown of water in a 
reservoir. Sudden drawdown actually causes higher pore 
pressure than those given by the hydrostatic pressure dis-
tribution used. Despite this fact, the solutions obtained 
und~r the completely saturated assumption represent . 
conditions on the side of the most severe that may result 
from poor placement practices in the overburden dumps 
from phosphate mining in Southern Idaho. Larger pore 
pressure could result only by covering groundwater springs, 
placing the material in the fill rapidly when it is fully sat-
urated, or from burying large quantities of snow. 
Mabie mine dump 
The results from a number of slope stability analyses 
based on the soil properties of the samples from the Mabie 
mine dump 72 are summarized in Table 14. Factors of 
safety against failure from both the conventional method 
of slices and the simplified Bishop Method are given in 
Table 14. The other data in the table give the problem 
specifications as well as the geometry of the slip circle by 
the x's and y's whose subscript notations are given in 
Figure 11. 
The triaxial tests indicate that the internal friction 
angle cp for Mabie 72(3) equals 34.2°, and initially the soil 
will have zero cohesive strength. A value for the porosity 
of the placed material is unknown. For most of the stability 
analyses in Table 14, the porosity of 1/ = 0.35 has been 
used, except for one series of analyses in which the porosity 
was increased to 0.45, to give an indication of the in-
fluence of degree of compaction on stability of the slope. 
In obtaining all of these solutions, the soil above the water 
table was assumed at 20 percent saturation, (i.e., at a 
moisture content of 7 percent by volume for 1/ = 0.35). 
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This soil water adds to the weight of the material but 
produces no positive pore pressures. While capillary ten-
sions would likely exist in the material at 20 percent 
saturation, they have been ignored in the analyses, but 
would tend to increase the stability if they were effective 
in holding the soil grains together. Series of analyses have 
been obtained in which the slope of the fill has been 
changed using values of 1.5,2.0,2.5, and 3.0 horizontal 
to 1 vertical, with all other specifications constant 
except the center of the most critical circle. In other 
series of analyses, the position of the water tables has 
been varied. For instance, in the first series in Table 14, 
the water table was specified coincident with the top 
surface, and in the next series to be at elevation zero. 
At elevation zero, basically no water table exists in the 
fill. More precisely the water table is at y = 0 where the 
circle used in the method of slices intersects the slope 
near or at its bottom. Two other series of solutions 
assume the water table exists at a level of approximately 
one-third and two-thirds respectively of the fill's height. 
More precise specifications for these water tables are 
given in Table 14a, which is a supplement to Table 14. 
The safety factors given by these analyses have been 
plotted against the slope of the fill in Figures 12 through 
17 for several series of solutions representing different 
conditions. In Figure 12 the safety factors determined by 
the simplified Bishop Method for the series of solutions 
for different water tables but with the determined soil 
properties ifJ = 34.2°, 11 = 0.35 and So = 0.2, C = 0.0 held 
constant have been plotted. The conventional safety fac-
tors from these same analyses have been plotted in Figure 
13. It is generally agreed that the safety factors deter-
mined by the conventional method of slices are on the 
conservative side. Therefore, if it is assumed that Figure 
Figure 11. Schematic diagram for slip circle analysis cen-
tered along a spiral of Archimedes. 
Table 14. Sununary of slip circle analyses related to the Mabie Valley mine dump 72. (Constant specifications: So = 0.2, Xl = 0.0, Y 1 = 0.0.) 
Coordinates (ft) Water Conv. Simpl. B. No. R (ft) Slope + '1 Remarks Table SF SF Xz yz x3 Y3 x4 Y4 
1 329.0 219.4 19.5 397.Z 375 .• 3 219.4 397.7 1.5 34.2 .35 Satur. .35 .49 Height of fill 
2 354.4 177.2 20.7 401.6 354.4 177.2 402.2 2.0 34.2 .35 to surface .54 .65 :: 219.4 ft. and 
3 281.8 112.7 1.2 405.7 281.8 112.7 405.7 2.5 34.2 .3S " .74 .81 4 317.5 105.8 41.2 405.7 317.5 105.8 407.8 3.0 34.2 .35 
" 
.94 1.03 Cohesive strength 
5 329.0 219.4 0.3 402.0 358.4 219.4 402.0 1.5 34.2 .35 W.T. at 1.15' 1. 25 e 0.0 ps! 
6 320.3 160.1 0.0 406.3 320.3 160.1 400.3 2.0 34.2 .35 bottom of 1.43 1.51 
7 276.1 110.4 0.0 400.3 276.1 110.4 400.3 2.5 34.2 .35 circle. 1.76 1.82 
" 
8 240.2 80.1 0.0 400.3 240.2 80.1 400.3 3.0 34.2 .35 y=O 2.09 2.13 
9 329.0 219.4 6.9 377.2 349.5 219.4 377.3 1.5 34.2 .35 See Table .98 1.06 " 
10 311.4 155.7 2.9 383.4 311.4 155.7 383.4 2.0 34.2 .35 14a 1.27 1.32 
11 269.5 107.8 2.9 383.4 269.5 107.8 383.4 2.S 34.2 .35 
" 
1.59 1.64 
12 234.9 78.3 1.7 386.3 234.9 78.3 386.3 3.0 34.2 .35 II 1.91 1.95 
13 329.0 2.19.4 1.7 386.3 350.1 219.4 386.3 1.5 34.2 .35 II .75 .80 
14 311.4 155.7 2.9 383.4 311.4 155.7 383.4 2.0 34.2 .35 II .98 1.0Z 
15 269.5 107.8 2.9 383.4 269.5 1117.6 383.4 2.5 34.2 .35 
" 
1.26 1.29 
16 234.9 78.3 1.7 386.3 234.9 78.3 386.3 3.0 34.2 .35 II 1. 5~ 1.57 
17 329.0 219.4 1.7 386.3 ~50.1 219.4 386.3 1.5 34.2 .35 II .52 .60 
18 311.8 155.9 1.7 386.3 311.8 155.9 386.3 2.0 34.2 .35 
" 
.71 .76 
N 19 269.4 107.7 1.7 386.3 269.4 107.7 386.3 2.5 34.2 .35 " .95 .99 
- 20 235.3 78.4 2.9 383.4 235.3 78.4 383.4 3.0 34.2 .35 " 1.18 1.21 21 329.0 219.4 20.1 392.7 373.0 219.4 393.3 1.5 34.2 .45 Satur. .27 .42 
22 355.2 177.6 20.3 403.4 355.2 177.6 403.9 2.0 34.2 .45 to surface .46 .57 
23 313.3 125.3 20.3 403.4 313.3 125.3 403.9 2.5 34.2 .45 11 .66 .75 
24 278.6 92.9 20.3 403.4 278.6 92.9 403.9 3.0 34.2 .45 
" 
.84 .91 
25 329.0 219.4 22.1 382.2 368.5 219.4 382.8 1.5 34.2 .45 W.T. at 1. 19 1.30 
26 345.9 173.0 20.1 392.2 345.9 173.0 392.7 2.0 34.2 .45 bottom of 1.46 1.56 
27 305.2 122.1 20.1 392.2 305.2 122.1 392.7 2.5 34.2 .45 circle y= 0 1.79 1.86 
28 275.9 92.0 20.0 399.9 275.9 92.0 400.4 3.0 34.2 .45 
" 
2.11 2.18 
29 329.0 219.4 3.4 382.4 349.4 219.4 382.5 1,5 34. Z .45 See Table .97 1. 03 
3( 356.6 178.~ 3.5 438.7 356.6 178.3 43S.7 2.0 34.2 .45 14a 1.24 1.29 
11 250.9 100.4 -18.4 409.8 250.9 100.4 410.2 2.5 34.2 .45 
" 
1.58 1.61 
32 218.7 72.9 -16.8 414.8 218.7 72.9 415.1 3.0 34.2 .45 11 1.90 1.92 
'33 218.7 72.9 -16.8 414.8 218.7 72.9 415.1 3.0 34.2 .45 1.49 1.50 
34 329.0 219.4 19.5 397.2 375.3 219.4 397.7 1.5 34.2 .35 Satur. .42 .56 
35 365.8 182.9 17.0 423.2 365.8 182.9 423.6 2.0 34.2 .35 to surface .68 .78 
36 384.8 153.9 67.6 389.1 384.8 153.9 394.9 2.5 34.2 .35 11 .90 1.04 
37 326.4 10S.8 49.4 395.7 326.4 108.S 398.8 3.0 34.2 .35 \I 1.20 1. 30 
38 329.0 219.4 49.2 394.7 406.3 219.4 397.8 1.5 34.2. .35 W.T. at 1.38 1.50 
39 399.0 199.5 49.9 399.0 399.0 199.5 402.1 2.0 34.2 .35 bottom of 1.62 1.74 
40 361.7 144.7 50.0 400.0 361.7 144.7 402.7 2.5 34.2 .35 circle, i. e. 2.02 2.12 " 
41 329.9 110.0 50.0 400.0 329.9 110.0 403.0 3.0 34.2 .35 y=O 2.44 2.53 ., 
42 329.0 219.4 50.0 400.0 410.1 219.4 402.8 1.5 34.2 .35 Table 14·a 1.24 1.30 Cohesive strength 
43 394.0 192.0 40.0 400.0 383.9 192.0 401.9 2.0 34.2 .35 1.39 1.47 = 2.50 psf 
44 344.8 137.9 40.0 400.0 344.8 137.9 402.0 2.5 34.2. .35 " 1.81 1.88 " 
45 366.0 122.0 70.0 400.0 366.0 122.0 406.1 3.0 34.2 .35 " 1.92 2.01 
46 329.0 219.4 40.0 400.0 399.1 219.4 402.0 1.5 34.2 .35 
.95 1.02 47 384.0 192.0 40.0 400.0 384.0 192.0 402.0 2.0 34.2 .35 
" 1.09 1. 16 48 344.8 137.9 40.0 400.0 344.8 137.9 402.0 2.5 34.2 .35 
" 1. 46 1. 52 49 312.0 104.0 40.0 400.0 312.0 104.0 402.0 3.0 34.2 .35 11 1.85 1.90 50 329.0 219.4 40.0 400.0 399.1 219.4 402.0 1.5 34.2 .35 11 
.72 .81 51 384.0 192.0 40.0 400.0 384.0 192.0 402.0 2.0 34.2 .35 11 
.83 .92 52 344.8 137.9 40.0 400.0 344.8 137.9 402.0 2.5 34.2 .35 II 1. 14 1. 21 
53 31 Z. 0 104. 40.0 400.0 312.0 104.0 402.0 3.0 34.2 .35 II 1.60 1.67 54 329.0 219.4 - 5.7 405.1 354.4 219.4 405.2 1.5 34.2 .35 0.0 .50 .54 
55 358.7 179.4 17 •. 2 414.0 35S.7 179.4 414.4 2.0 34.2 .35 0.0 .82 .92 56 315.6 lZ6.Z 19.2 409.5 315.6 126. Z 410.0 2.5 34.2 .35 0.0 1.20 1.28 57 280. 3 93.4 19.5 40S.5 280.3 93.4 409.0 3.0 34.2 .35 0.0 1.65 1.71 58 329.0 219.4 -29.8 401.5 329.2 219.4 402.6 1.5 34.Z .35 W.T. at 1.36 1.44 59 379.6 189.8 39.4 395.6 379.6 189.8 397.6 2.0 34.2 .35 bottom of 1.76 1.87 60 343.3 137.4 39.8 398.3 343.4 137.4 400.3 2.5 34.2 .35 circle, lee, 2.25 2.34 61 311.5 103.8 39.9 399.4 311.5 103.8 401.4 3.0 34.2 .35 y=o 2.79 2.87 62 329.0 219.4 39.9 388.6 39S.1 219.4 400.6 1.5 34.2 .35 See Table 1.26 1.34 II 63 383.8 191. 9 40.0 399.S 383.8 191. 9 401.7 2.0 34.2 .35 14a 1.53 1.6 i Cohesive strength 64 344.8 137.9 40.0 399.9 344.8 137.9 401.9 2.5 34.2 .35 
" 
2.03 2. 10 500 paC 65 312.0 104.0 40.0 400.0 312.0 104.0 402.0 3.0 34.2 .35 II 2.57 2.64 66 329.0 219.4 40.0 400.0 399.1 219.4 401.9 1.5 34.Z .35 
" 1.03 1. 10 " 67 384.0 In.o 40.0 400.0 384.0 192.0 402.0 2.0 34.2 .35 
" 1.22 1.29 68 344.8 137.9 40.0 400.0 344.8 137.9 402.0 2.5 34.2 .35 
" 1.46 1.52 N 69 31 Z. 0 104.0 40.0 400.0 31Z.0 104.0 40Z.0 3.0 34.2 .35 
" 
2.16 2.21 N 70 329.0 219.4 40.0 400.0 399.1 219.4 407..0 1.5 34.2 .35 
" .79 .87 71 384.0 192.0 40.0 400.0 384.0 192.0 402.0 2.0 34.2 .35 
" .96 1. 04 72 344.8 137.9 40.0 400.0 344. S 137.9 402.0 2.5 34.2 .35 
" 1.33 1.41 73 312.0 104.0 40.0 400.0 312.0 104.0 402.0 3.0 34.2 .35 
" 
1.77 1. 83 74 150.0 100.0 -27.2 263.7 lSI.3 100.0 265.1 1.5 34.2 .35 Satur. .40 .46 75 173.9 86.9 -30.2 277.7 173.9 86.9 279.3 2.0 34.2 .35 to surface .54 .59 76 139.5 55.8 -30.2 277.7 139.5 55.8 279.3 2.5 34.7. .35 
" .74 .78 77 llZ.3 37.4 -30.2 277.7 112. 3 37.4 279.3 3.0 34.2 .35 II 
.94 .96 78 150.0 100.0 -26.1 261.5 IS1. 2 100.0 262.S 1.5 34.2 .35 W.T. at 1.21 1.26 79 173.9 86.9 -30.2 277.7 173.9 86.9 279.3 2.0 34.2 .35 bottom 1.41 1. 45 80 139.5 55.8 -30.2 Z77.7 139.5 55.S 279.3 2.5 34.2 .35 
" 1. 73 1.76 81 112.3 37.4 -30.2 277.7 112.3 37.4 279.3 3.0 34.2 .35 
" 2.07 2.09 82 150.0 100.0 
-67.9 265.2 150.4 100.0 273.7 1.5 34.2 .35 See Table .85 .S6 83 40.3 13.4 -70.2 277.7 40.3 13.4 286.4 3.0 34.2 .35 Ita 1. 78 1. 78 84 150. 100.0 
-67.9 265.2 150.4 100.0 273.7 1.5 34. Z .35 .45 .48 85 131. 8 43.9 -26.2 298.4 131. S 43.9 249.5 3.0 34.2 .35 
" 
1. 15 1. 16 .\ 86 325.3 216.9 -30.2 397.7 325.3 216.9 398.8 1.5 40.2 .35 Satur. .38 .51 Height of 87 280.S 140.4 -28.2 407.4 2S0.8 140.4 40S.4 2.0 40.2 .35 to surface .67 .75 fill = 219.4 it 88 232.3 92.9 -28.2 407.4 232.3 92.9 408.4 2.5 40.2 .35 
" .92 .98 S9 193.7 64.6 -28.2 407.4 193.7 64.6 40S.4 3.0 40.2 .35 
" 
1. 17 1.21 Cohesive strength 90 327.7 218.5 -30.0 400.0 327.7 218.5 401. 1 1.5 40.2 .35 W.T. at 1.38 1. 48 ". 0.0 ps'C 91 269.9 134.9 -30.2 397.7 269.9 134.9 398.8 2.0 40.2 .35 bottom 1.76 1.83 .. 
92 222.3 88.9 -30.2 397.7 222.3 89.9 39S.8 2.5 40.2 .35 
" 2.17 2.21 II 93 184.3 61.4 -30.2 397.7 184.3 61. 4 398.8 3.0 40.2 .35 
" 2.5S 2.61 94 325.3 216.9 -30.2 397.7 325.3 216.9 398.8 1.5 28.0 .35 Satur. .24 .32 
95 280.8 140.4 -28.2 407.4 280.8 140.4 408.4 2.0 28.0 .35 to surface .42 .47 
96 232.3 92.9 -28.2 407.4 232.3 92.9 408.4 2.5 2S.0 .35 .58 .62 97 193.7 64.6 -28.2 407.4 193.7 04.6 40S.4 3.0 28.0 .35 .74 .76 98 325.3 216.9 -30.2 397.7 325.3 216.9 398.8 1.5 2S.0 .35 W.T. at .86 .93 99 269.9 134.9 -30.2 397.7 269.9 134.9 398.S 2.0 28.0 .35 bottom of 1.11 1. 15 100 232.4 92.9 -28.2 407.4 232.3 92.9 408.4 2.5 28.0 .35 Circle, i.e. 1.36 1.37 101 193.7 64.6 
-2S.2 407.4 193.7 64.6 40S.4 3.0 28.0 .35 y=O 1.62 1.65 
. 
Table 14a. Supplement of Table 14 giving coordinate of water table for analyses with intermediate water tables. 
No's. No. No. No. No' 8. No. No. No. No' 8. 
9,42.62 10 II 12 13.46.66 14 15 16 17.50.70 
x y x y x y x y x y x y x y x y x y 
12.7 8.4 lZ.0 6.0 10.4 4. Z 9.0 3.0 12.7 8.4 12.0 6.0 10.4 4.Z 9.0 3.0 lZ.7 8.4 
38.0 ZS.3 36.0 18.0 31.1 IZ.4 Z7.1 9.0 38.0 ZS.3 35.9 18.0 31.1 12.4 27. I 9.0 38.0 Z5.3 
63.3 4Z.Z 59.9 Z9.9 51.8 ZO.7 4S.Z 15.1 63.3 42.2 60.0 29.9 51.8 ZO.7 4S.Z 1 5.1 63.3 42.Z 
88.6 50.9 83.8 33.8 n.6 20.9 63.2 lZ.9 88.6 59.1 83.8 41.9 n.6 29.0 63.2 21.1 8S.6 59.1 
113.9 51.2 107.8 29.1 93.3 12.5 81.3 Z.3 113.9 75.9 107.8 53.9 93.3 37.3 81.3 27.1 113.9 75.9 
139.2 51. 4 131.8 24.5 114.0 4.Z 85.0 0 139. Z 92.8 131. 8 65.9 114.0 45.6 99.4 33.1 139.2 92.8 
164.5 51. 7 155.7 19.9 120.0 0 0 164.5 101. 7 155.7 69.9 134.7 45.9 117; 4 31. I 164.5 109.7 
189.8 51. 9 179.7 15.Z 0 189.8 101.9 179.7 65.2 155.5 37.6 135.5 20.5 189.8 126.6 
215. Z 5Z.2 203.6 10.6 ZIS.2 IOZ.2 Z03.6 60.6 176.Z 29.3 153.6 10.0 ZIS.Z 143.4 
Z40.S 52.5 2Z7.6 5.9 Z40.S IOZ.5 2Z7.6 55.9 196.9 20.9 170.0 0 Z40.S 15Z.5 
265.8 52.7 ZSI. 5 1.3 Z6S.8 IOZ.7 251.5 51. 3 217.7 12.6 0 Z6S.8 ISZ.7 
Z91.1 53.0 255.0 0 291.1 103.0 Z75.5 46.7 23S.4 4.3 Z91.1 153.0 
316.4 55.2 0 316.4 103.Z 299.4 42.0 Z42.0 0 316.4 153.2 
SS.Z 103.2 4Z.0 153. Z 
No. No. No. No. No. No. No. No. 
18 19 ZO Z9 30 31 32 33 
x y x y x y x y x y x y x y x y 
12.0 6.0 10.4 4.1 9. I 3.0 IZ.7 8.4 13.7 6.9 9.7 3.9 8.4 2.8 8.4 2.8 
36.0 18.0 31. I lZ.4 27.Z 9. I 38.0 25.3 41. Z ZO.6 Z9.0 11.6 Z5.2 8.4 25.2 8.4 
60.0 30.0 51. 8 ZO.7 15.3 IS. I 63.~ 4Z.2 68.6 34.3 48.3 19.3 4Z.1 14.0 4Z. I 14.0 
83.9 4Z.0 n.s Z9.0 63.4 ZI. 1 8S.6 50.9 96.0 39.9 67.6 IS.9 SS.9 11.5 58.9 19.6 
107.9 54.0 93.Z 37.3 SI.5 Z7.Z 113.9 51. Z 123.4 37.0 S6.9 10.0 75.7 .5 75.7 Z5. Z 
131.9 66.0 114.0 45.6 99.6 33.Z 139.2 51. 4 150.9 34.1 106.2 1. 1 76.0 0 9Z.S 30.8 
155.9 77.9 134.7 53.9 117.7 39. Z 164.5 51.7 178.3 31.Z 1\0.0 0 0 109.4 2S.S 
179.9 S9.9 155.4 6Z.2. 135.8 45.3 189.8 51.9 Z05.7 Z8.3 0 lZ6.Z .17.4 
203.9 101. 9 176. 1 70.5 153.9 51.3 215.2 5Z.2 Z33.2 25.4 143.0 6.4 
227.8 106.1 196.8 70.9 In.O 49.5 Z40.S 52.5 260.6 2Z.5 ISO. 0 Z51.8 101. 5 217.6 6Z.6 190.1 38.9 Z6S.8 SZ.7 288.0 19.6 0 
275.8 96.8 238.3 54.2 Z08.2 Z8.3 Z91. 1 53.0 315.5 16.7 
Z99.8 9Z.Z ZS9.0 45.9 Z26.3 17.7 316.4 53.Z 34Z.9 13. S 
No. No. No. No's. No's. No'a. No' •• No's. No. 
43 44 45 47.67 48.68 -49.69 51.71 SZ.7Z 53 
x y x y x y x y x y x y x y x y x y 
14.S 7.4 13.3 5.3 14.1 4.7 14.8 7.4 13.3 5.3 IZ.O 4.0 14.8 7.4 13.3 5.3 12.0 4.0 
44.3 Z2.Z 39.8 15.9 42. Z 14.1 44.3 ZZ.Z 39.8 15.9 36.0 lZ.0 44.3 ZZ.Z 39.8 15.9 36.0 lZ.0 
73.8 36.9 66.3 Z6.S 70.4 Z3.S 73.9 36.9 66.3 Z6.S 60.0 ZO.O 73.9 36.9 66.3 Z6.S 60.0 ZO.O 
103.4 43.5 9Z.8 Z9.0 9S.S Z4.7 103.4 51.7 9Z.8 37.1 84.0 28.0 103.4 51.7 9Z.8 37.1 84.0 ZS.O 
13Z.9 41.7 119.4 Z3.0 126.7 17.5 13Z.9 66.5 119.4 47.S 10S.0 36.0 13Z.9 66.5 119.4 47.8 10S.0 36.0 
16Z.4 39.8 145.9 17.0 154. S 10. Z 16Z.S 81. 2 145.9 SS.4 132.0 44.0 162.5 SI.Z 145.9 SS.4 132.0 44.0 
19Z.0 38.0 In.4 11. 0 IS3.0 3.0 19Z.0 88.0 In.4 61.0 156.0 44.0 192.0 96.0 In.4 69.0 156.0 44.3 
2Z1.S 36.1 198.9 4.9 190.0 0 221.5 86. Z 198.9 55.0 IS0.0 35.4 ZZI.S 110. S 198.9 79.6 ISO.O 35.5 
251.0 34.3 200.0 0 251. I 84.3 225.5 49.0 204.0 26.8 ZSI. I 125.5 ZZS.5 90.2 204.0 Z6.9 
280.6 3Z.4 2S0.6 S2.5 Z52'0 43.0 2Z8.0 25.2 280.6 132.5 2Si!.0 93.0 ZZ8.0 IS.3 
310.1 30.6 310. Z SO.6 278.5 37.0 Z5Z.0 9.5 310. Z 130.6 Z78.S 87.0 ZSZ.O S4.0 
339.7 Z8.7 339.7 78.9 305.0 30.9 Z78.0 0 339.7 128.8 305.0 80.9 Z76.0 92.0 
369.2 26.9 369. Z 76.9 331.6 Z4.9 369.2126.9 331.6 74.9 300.0 100.0 
No. No. No. No. No. No. No. No. 
63 64 65 73 82 83 84 85 
x y x y x y x y x y x y x y x y 
14.8 7.4 13.3 5.3 12.0 4.0 12.0 4.0 5.8 3.9 1.6 .5 S. S 3.9 5.1 1.7 
44.3 2Z.1 39.S 15.9 36.0 12.0 36.0 12.0 17.3 1l.5 4.7 1.6 17.3 11.5 15. Z 5.1 
73.8 36.9 66.3 26.5 60.0 20.0 60.0 ZO.O 2S.9 19.2 7.8 2.6 ZS.9 19.2 25.4 8.5 
103.~ 43.5 9Z. S Z9.0 S4.0 19.9 84.0 2S.0 40.4 26.9 10.9 3.6 40.4 26.9 35.5 11.8 
13Z.8 41.7 119.3 Z3.0 108.0 11.2 108.0 36.0 51.9 30.0 14.0 0 51.9 34.6 45.6 15.2 
162.4 39.S 145.9 17.0 132.0 Z.6 132.0 44.0 63.5 30.0 0 63.5 42.3 5S.S 18.6 
191.9 37.9 In.4 11.0 135.0 0 156.0 52.0 75.0 30.0 75.0 50.0 65.9 22.0 
2Z1.4 36.1 19S.9 4.9 0 ISO.O 60.0 86.5 30.0 S6.S 57.7 76.0 Z5.4 
250.9 34.2 ZZO.O 0 204.0 6S.0 9S. I 30.0 98. I 65.4 S6.2 ZS.7 
280.5 32.4 0 ZZS.O 68. Z 109.6 30.0 1119.6 70.0 96.3 29.0 
310.0 30.5 ZS2.0 59.5 121. Z 30.0 121.2 70.0 106.5 24.7 
339.5 28.7 276.0 50.9 132.7 30.0 132.7 70.0 116.6 ZO.4 
369.0 26.8 300.0 4Z.3 144.2 30.0 144.2 70.0 126.7 16. I 
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12 more nearly represents the true stability of the dump 
material at Mabie, it can be concluded that the slope is 
subject to failure, with the water table to the top surface 
of the fill for all slopes less than about 3 horizon tal to 
1 vertical. As the water table drops, the fill will not fail 
even if placed on steeper side slopes, and will be stable 
on a slope of 1.5 horizontal to 1 vertical provided the 
water table level does not rise above that given on Table 
14a for solution 9. 
The safety factors from the series of solutions which 
assume the soil has cohesive strengths of C = 250 and 500 
pounds per square foot are plotted on Figure 14 and 15 
respectively. Contrasting these results with those on 
Figure 12 shows how cohesive strength, which may de-
velop in the placed material, contributes to the stability 
of the fIll. Should the material develop a ~ohesive strength 
1.5 
.8 1. 0 
<I 
'" r..
.t' ~ 0.5 
o 
1.5 2.0 2.5 3.0 
Side Slope 
Figure 12. Safety factors as determined by the simplified 
Bishop Method for the dump fill ~sing the soil 
properties determined for Mabie 72(3). The 
pertinent soil properties are: cf> = 34.2°, 
C = 0.0, 71 = .35, So = .2, Ho = 219.4 ft. 
1.5 
~ ~ 1.0 
r.. 
~ 
<1.1 0.5 
o 
1.5 2.0 2.5 3.0 
Side Slope 
Figure 13. Safety factor as determined by the conventional 
method of slices for the fill using the soil proper-
ties are: 41= 34.2°, C = 0.0,71 = .35, So = .2, 
Ho = 219.4 ft. 
24 
as large as 500 psf, then the fill will be stable with the 
water table at the fill surface with slopes milder than 
approximately 2.2 horizontal to 1 vertical. While this does 
represent an increase in the stability of the fill, it is not as 
great as some may expect. 
2.5 
2.0 
.. 
1.5 
0 
... 
<I 
'" r.. 
.t' 1.0 
" 
... 
'" <1.1 
O.S 
0+1.-5 --1---+2:-:.0:--+----+:2-=.5--+----13.0 
Side Slope 
Figure 14. Safety factor as' determined by the simplified 
Bishop Method for the dump fill at Mabie 
72(3) based on the soil developing a cohesive 
strength. of 250 psfultimately. Pertinent soil 
properties are: cf>= 34.2, c = 250 psf, 71 = .35, 
So = .2, Ho = 219.4 ft. 
2.S 
~ 2.0 
~ 
.?;-
.:ll. 0 
'" <1.1 
1.5 2.0 2.5 
Side Slope 
Figure 15. Safety factor as determined by the simplified 
Bishop Method for the dump fill at Mabie 
72(3) based on the soil developing a cohesive 
strength of 500 psf ultimately. Pertinent soil 
properties are: cf> = 34.2, c = 500 psf, 71 = .35, 
So = 0.2, Ho = 219.4 ft. 
Figure 16 is a plot showing the variation of the 
safety factor as obtained from series of solutions based 
on an assumed porosity, "1 = 0.45 instead of "1 = 0.35 
with all other parameters as in the solution used for Fig. 
12. TIlls reduction in' compaction results in a moderate 
decrease in the stability of the slope. For complete 
saturation these results indicate the fIll will be stable 
only for side slopes of approximately 3.5 horizontal to 
1 vertical. Since an increase in porosity is generally 
accompanied by a reduction in the internal friction 
angle, less compaction would likely result in even less 
stability. 
The effects of different internal friction angles on 
the stability of the slope are given on Figure 17 in which 
the safety factors for series of analyses with cp = 28.00, 
34.20, and 40.20 have been plotted against the slope of 
the embankment. 
In interpreting the results from the previous stability 
analyses in terms of which side slopes of fIll will be stable 
and which will not, it is fIrst necessary to decide where the 
water table is likely to be under the most severe conditions 
Because of the relatively low permeabilities of the material 
as discussed earlier, a water table will not develop through 
the fIll from surface infiltration. High pore pressures will 
develop from: (1) Placing the material in the fill at 
too high a moisture content so that as it is compacted com· 
plete saturation occurs, (2) placing the fIll over an area 
where groundwater is emerging to the surface, and (3) 
burying a mass of snow in the fIll, whose subsequent 
melting will leave both a void within the fIll as well as 
creating pore pressure if the rate of melt exceeds the 
rate at which the capillary gradients which will develop 
within the soil, transmit the groundwater into the sur· 
rounding unsaturated material. Snow buried deep within 
the fIll and far from the sides may not result in failure. 
2.5..----.---T-"--,----.----,--, 
O~1-.5--~--~2~»-~~-~~27.5-~---1 
Side Slope 
3.0 
Figure 16. Safety factor as detennined by the simplified 
Bishop Method for the dump fill using the soil 
properties detennined for Mabie 72(3). The 
pertinent soil properties are: cJ> = 34.2, c = 
0.0, "1 = .45, So = .2, Ho = 219.4. 
Buried near the edge, snow will undoubtedly result in 
some form of slope failure. 
Wooley Valley mine dump 
The triaxial tests on samples taken from the Wooley 
Valley mine dump indicate that the internal friction angle 
is approximately 39.50 and the material has no cohesive 
strength. The optimum Proctor compaction for sample 
4(A) resulted in a porosity of 0.244. These values have 
been used in analyzing the potential stability of the slope 
of Wooley Valley mine dump under varying hypothetical 
conditions. A summary of these separate analyses is given 
in Table 15, and its supplement Table l5a. All of the solu· 
tions in Table 15 assume that the soil above the water 
table is at a saturation of 0.2, resulting in a bulk sp.ecifIc 
weight of 1281b/ft3 (2.01 x 104 N/m3) (based on a 
specifIc gravity of the solids equaling 2.65). These solu· 
tions also cover situations for which the water table in 
the fill varies from the bottom to complete saturation. 
Two heights of fill were used; 220 ft (67.00 m), (solu-
tion no.'s 1 through 24) and 100 ft (30.48 m), (solution 
no.'s 25 through 52), and series of analyses were com-
pleted for each of these heights varying the side slope 
and the level of the water table. Table 15 gives both the 
safety factors determined by the conventional and the 
simplified Bishop Method, as well as coordinates for the 
geometry (as denoted on Figure 11) of the cylindrical 
slip circle. 
The safety factors, as determined by the simplifIed 
Bishop Method, have been plotted in Figures 18 and 19 
respectively from the analyses for the two separate heights 
of fIll. The conclusions regarding stability against mass 
failure for this material are similar to those concerning the 
Mabie 72 dump material. More specifically a side slope of 
at least 2.4 horizontal to 1.0 vertical is necessary for sta-
2.5 r-----,,..------r--.....,.----r--~_::;_-.., 
2.0 
.. 
0 
.... 1.5 
" .. r.. 
~ 
:; 
U) 
1.0 
0.5 
0 1.5 2.0 2.5 
Side Slope 
3.0 
Figure 17. Safety factor as detennined by the simplified 
Bishop Method for the dump fill based on an 
internal friction angles cp = 28.2, 34.2, 40.2. 
Other pertinent soil properties are: c = 0.0, 
"1 = .35, So = .2, Ho = 219.4 ft. 
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N 
C\ 
Table 15. Summary of slip circle analysis related to the Wooley Valley mine dump 4. (Constant specifications: <1>= 39 .sO, 71 = .244, Tdry = 125 Ib/ft3, 
bulk = 128Ib/ft3, So = xI = 0.0, YI = 0.0, C = 0.0.) 
No. 
2 
3 
4 
5 
6 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
X 2 
330. 
291. 3 
239.5 
202.4 
330.0 
281. 6 
235.9 
199.3 
328.3 
278.8 
233.7 
197. I 
328.6 
277.5 
233.7 
197. 1 
330.0 
277.5 
232.9 
197. 1 
150.0 
138.3 
175.7 
149.9 
150.0 
135.5 
175.7 
149.9 
150.0 
152.3 
175.7 
161. 8 
150.0 
152.3 
175.7 
161. 8 
150.0 
144.4 
175.7 
147.5 
131. 8 
131. 8 
131. 8 
131. 8 
131.8 
131. 8 
73.8 
73.8 
73.8 
73.8 
73.8 
73.8 
Y2 
220. 
145.6 
95.8 
67.5 
220.0 
140.8 
94.4 
66.4 
218.9 
139.4 
93.5 
65.7 
219.0 
138.7 
93.5 
65.7 
220.0 
138.7 
93. 1 
65.7 
100.0 
69.2 
70.3 
50.0 
100. 
67.7 
70.3 
50.0 
100.0 
76.2 
70.3 
53.9 
100.0 
76.2 
70.3 
53.9 
100.0 
72.2 
70.3 
49.2 
65.9 
65.9 
65.9 
65.9 
65.9 
65.9 
24.6 
24.6 
24.6 
24.6 
24.6 
24.6 
Coordinates (ft) 
X3 Y3 
-19.9 
-19.7 
- 20. 1 
-20. 1 
-19.3 
-19.8 
-i9.8 
-19.8 
-18. 1 
-19.0 
-19.0 
-18.3 
-18.3 
-18.3 
-19.0 
-18.3 
-19.0 
-18.3 
-18.3 
-18.3 
-44.2 
·49.9 
-10.0 
-10.0 
-44.2 
-49.3 
-10.0 
-10.0 
-45.6 
-48.8 
-10.0 
- 5.2 
-45.6 
-48.8 
-10.0 
- 5.2 
-45.6 
-50.0 
-10.0 
-10.5 
-45.6 
-45.6 
-45.6 
-45.6 
-45.6 
-45.6 
-49.9 
-49.9 
-49.9 
-49.9 
-49.9 
-49.9 
392.8 
403.4 
397.6 
397.6 
388.0 
391. 7 
391. 7 
391. 7 
382.9 
386.5 
386.5 
383.4 
383.4 
383.4 
386.5' 
383.4 
386.5 
383.4 
383: 4 
383.4 
253.2 
272.8 
279.9 
279.9 
253.2 
268.0 
279.9 
279.9 
255.9 
288.0 
279.9 
285:3 
255.9 
288.0 
279.9 
285.3 
255.9 
280.5 
279.9 
277.2 
255.9 
255.9 
255.9 
255.9 
255.9 
255.9 
272.8 
272.8 
272.8 
272.8 
272.8 
272.8 
X 4 
333.4 
291. 3 
239.5 
202.4 
331. 0 
281. 6 
235.9 
199.3 
328.3 
278.8 
233.7 
197. 1 
328.6 
277.5 
233.7 
197. 1 
330.3 
277.5 
232.9 
197. 1 
162. 1 
138.3 
175.7 
149.9 
162. 1 
135.5 
175.7 
149.9 
162.4 
152.3 
175.7 
161. 8 
162.4 
152.3 
175.7 
161. 8 
162.4 
144.4 
175.7 
147.5 
131. 8 
131. 8 
131. 8 
131.8 
13!. 8 
131. 8 
73.8 
7.3.8 
73.8 
73.8 
73.8 
73.8 
Y4 
220. 
145.6 
95.8 
67.5 
220. 
140.8 
94.4 
66.4 
218.9 
139.4 
93.5 
65.7 
219.0 
138.7 
93.5 
65.7 
220.0 
138.7 
93.1 
65.7 
100.0 
69.2 
70.3 
50.0 
100.0 
67.7 
70.3 
50.0 
100.0 
76.2 
70.3 
53.9 
100.0 
76.2 
70.3 
53.9 
100.0 
72.2 
70.3 
49.2 
65.9 
65.9 
65.9 
65.9 
65.9 
65.9 
24.6 
24.6 
24.6 
24.6 
24.6 
24.6 
Radius 
R 
393.3 
403.9 
398. 1 
398. 1 
3,88.5 
392.2 
392.2 
392.2 
383.3 
387.0 
387.0 
383.8 
383.8 
383.8 
387.0 
383.8 
387.0 
383.8 
383.8 
383.8 
257.0 
277.3 
280. I 
280. 1 
257.0 
272.5 
280.1 
280. 1 
260.0 
292.1 
280. 1 
285.4 
260.0 
292.2 
280.1 
285.4 
260.0 
284.9 
280. I 
277.4 
260.0 
260.0 
260.0 
260.0 
260.0 
260.0 
277.3 
277.3 
277.3 
277.3 
277.3 
277.3 
Slope 
1.5 
2.0 
2.5 
3.0 
1.5 
2.0 
2.5 
3.0 
1.5 
2.0 
2.5 
3.0 
1.5 
2.0 
2.5 
3.0 
1.5 
2.0 
2.5 
3.0 
1.5 
2.0 
2.5 
3.0 
1.5 
2.0 
2.5 
3.0 
1.5 
2.0 
2.5 
3.0 
1.5 
2.0 
2.5 
3.0 
1.5 
2.0 
2.5 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
Water 
Level 
Sat. to 
surfac .... 
No W.T. 
See Table 
Isa 
Sat. to 
surface 
No W.T. 
See Table 
15 a 
W.T. at 
Y ~ 50 
Convent. 
FS 
.45 
.73 
1. 00 
1. 25 
1. 34 
1. 73 
2.12 
2.52 
1. 16 
1. 56 
1. 95 
2.34 
.88 
1. 24 
1. 60 
1. 93 
.63 
.94 
1. 23 
1. 52 
.47 
.73 
I. 00 
1. 24 
1. 33 
1. 69 
2.13 
2.53 
1. 24 
1. 56 
1. 97 
2.36 
1. 03 
1. 26 
1. 62 
1. 96 
.78 
.96 
1. 25 
1. 55 
.84 
.82 
.80 
.78 
.76 
.75 
1. 24 
1. 21 
1. 19 
1. 16 
1. 14 
1. 11 
Simp!. B 
FS 
.58 
.82 
1. 06 
1.29 
1. 45 
1. 80 
2. 18 
2.56 
1. 23 
1. 61 
1. 99 
2.37 
.94 
I. 28 
1. 62 
I. 95 
.71 
.99 
I. 26 
I. 55 
.55 
.77 
1. 06 
1. 30 
1. 39 
1. 72 ' 
2.19 
2.57 
1. 28 
1. 59 
2.01 
2.40 
1.05 
1. 27 
1. 64 
1. 98 
.80 
.97 
I. 28 
1. 57 
.87 
.84 
.83 
.81 
.79 
.77 
1. 26 
1. 23 
1.20 
1. 18 
1. 15 
1. 12 
Remarks 
Height of slope is 
220 ft, i. e. y 
== 220 it max 
Height of slope is 
~O~O~\ti.e. Ymax 
~ ~ .244 
'1 0 .275 
_ ~ 0 .30 
'1 0 .325 
~ 0 .350 
'1 0 .375 
~ 0 .244 
~ ~ .275 
'10 .30 
~ 0 .325 
'10 .350 
'1 ~ .375 
Table 15a. Supplement to Table 15 giving coordinates of water table for these analysis with intermediate water table elevations. 
Coordinates in feet. 
-
No. 9 No. 10 No. 11 No. 12 No. 13 No. 14 No. 15 No. 16 
-
x y x y x y x y x y x y x y x y 
12.6 8.4 10.7 5.4 9.0 3.6 7.6 2.5 12.6 8.4 10.7 5.3 9.0 3.6 7.6 2.5 
37.9 25.3 32.2 16. 1 27.0 10.8 22.8 7.6 37.9 25.3 32.0 16.0 27.0 10.8 22.8 7.6 
63.1 42.1 53.6 26. B 45.0 18.0 37.9 12.6 63.2 42.1 53.4 26.7 45.0 18.0 37.9 12.6 
88.4 50.8 75.1 29.4 62.9 17.0 53.1 9.5 88.5 59.0 74.7 37.4 62.9 25.2 53.1 17.7 
113.7 51. 0 96.5 23.5 80.9 7.6 65.0 0 113.7 75.8 96.1 48.0 80.9 32.4 68.2 22.8 
138.9 51. 2 117.9 17. 6 95.0 0 0 139.0 92.7 117.4 58.7 98.9 39.6 83.4 27.8 
164.2 51. 4 139.4 11. 7 0 164.3 101. 5 138.7 61. 4 116.9 38.8 98.6 24.9 
189.4 51. 7 260.8 5.8 189.6 101. 8 160.1 55.4 134.9 29.3 113.7 13.3 
214. 7 51. 9 182.3 0 214.8 102.0 181. 4 49.5 152.8 19.9 128.9 1.7 
239.9 52.1 0 240.1 102.2 202.8 43.5 170.8 10.5 130.0 0 
265.2 52.3 265.4 102.5 224.1 37.6 188.8 1. 06 0 
290.4 52.6 290.7 102.7 245.5 31. 6 190.0 0 
315.7 52.8 316.0 102.9 266.8 25.71 0 
53.8 102.9 25.71 
No. 17 No. 18 No. 19 No. 20 No. 29 No. 30 No. 31 No. 32 
x y x y x y x y x y x y x y x y 
12.7 8.5 10.7 5.3 9.0 3.6 7.6 2.5 5.8 3.9 5.9 2.9 6.8 2.7 6. 2 2.1 
38. 1 25.4 32.0 16.0 26.9 10.8 22.8 7.6 17.3 11.5 17.6 8.8 20.3 8. 1 18.7 6.2 
63.5 42.3 53.4 26.7 44.8 17.9 32.9 12.6 28.9 19.2 29.3 1.4.7 33.1l !3.5 31. 1 10.4 
88.9 59.2 74.7 37.4 62.7 25.1 53.1 17.7 40.4 18.8 41. 0 12.4 47.3 10.8 43.6 6.4 
114.2 76.2 96.1 48.0 80.6 32.3 68.2 22.8 52.0 9.9 52.7 1.6 60.0 0 50.0 ,0 
139.6 93.1 117.4 58.7 98.5 39.4 83.4 27 .. 8 64.0 0 55.0 0 0 0 
165.0 110.0 138.7 69.4 116.5 46.6 98.6 32.9 
190.4 126.9 160.1 80.0 134.4 53.7 113.7 37.9 
215.8 143.9 181. 4 90.7 152.3 60.9 128.9 43.0 
241. 2 152.9 202.8 93.5 170.2 60.2 144.1 40.2 
266.5 153.2 224. 1 87.6 188.1 50.8 159.2 28.6 
291. 9 153.4 254.5 81. 6 206.0 41. 3 174.4 17.1 
312.3 153.9 266.8 75.1 223.9 31. 9 189.6 5.5 
153.9 75.1 31. q 5.5 
No. 33 No. 34 No. 35 No. 36 No. 37 No. 38 No. 39 No. 40 
x y x y x y x y x y x y x y x y 
5.8 3.9 5.9 2.9 6.8 2.7 6.2 2.1 5.8 3.9 5.6 2.8 6.8 2.7 5.7 1.9 
17.3 11.5 17.6 8.8 20.3 8.1 18.7 6.2 17.3 11.5 16.7 8.3 20.3 8.1 17.0 5.7 
28.9 19.2 29.3 14.7 33.8 13.5 31. 1 10.4 28.9 19.2 27.8 13.9 33.8 13.5 28.4 9.5 
40.4 26.9 41. 0 20.5 47.3 18.9 43.6 14.5 40.4 26.9 38.9 19.4 47.3 18.9 39.7 13.2 
51. 9 34.6 52.7 26.4 60.8 24.3 56.0 18.7 51. 9 34.6 50.0 25.0 60.8 24.3 51. 1 17.0 
63.5 42.3 64.4 32.2 74.4 29. 7 68.4 22.8 63.5 42.3 61. 1 30.6 74.4 29.7 62.4 20.8 
75.0 42.0 76.2 30.1 87.8 27.2 80.9119.0 75.0 50.0 72.2 36.1 87.9 35.2 73.8 24.6 
86.5 33.1 87.9 19.3 101. 4 15.9 93.3' 6. 5 86.5 57.7 83.3 41. 7 101. 4 40.6 85.1 28.4 
98.1 24.2 99.6 8.6 114.9 4. 7 100.0 0 98.1 65.4 94.5 47.2 114.9 46.0 96.5 32.2 
109.6 15.2 105.0 0 120.0 0 0 109.6 65. ~ 105.6 44.9 128.4 43.5 107.8 28.1 
121.2 6.3 0 0 121. 2 56.3 116.7 33.9 141. 9 32.3 119.1 15.3 
130.0 0 132.7 47.4 127.8 22.8 155.5 21. 1 130.5 2.4 
144.2 38. 5 138.9 11.8 169.0 9.9 132.0 0 
38.5 11.8 9.9 0 
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bility for a completely saturated condition and homo-
geneous material. Since complete saturation represents a 
near worst possible condition, which in practice should not 
occur if prope{ placement procedures are followed, the 
dump should be stable under steeper slopes if the material 
is well compacted and pore pressure is not caused by the 
placement of materials of overly high moisture content. 
In interpreting the results in Figures 18 and 19 and Table 
15 it should be remembered that the analyses assumed a 
degree of compaction greater than is achieved by simply 
dumping the material without working it with compac-
tion equipment such as sheep foot rollers. Therefore, the 
safety factors on Figures 18 and 19 might be considered 
upper limit values. The last few analyses summarized in 
Table 15 show the decrease in the factor of safety that 
might result from larger void ratios. For these last analyses 
the water table has been assumed to exist at a 50 foot 
05.25m) elevation within the fill. Figure 20 displays the 
trend of decreased stability as a function of increasing 
void ratio. 
With the present practices of placing the fills with 
side slopes of 2.5 to 1 or flatter, the likelihood of mass 
failure is not great after anv pre-pressures existing from 
the placement operation have dissipated themselves. The 
failures that have occurred on the Wooley Valley 4 dump 
were likely due to trapping water, probably in the form of 
snow, within the flIl. Due to the low permeabilities of the 
material, the rate of heat transfer could easily melt snow 
faster than the surrounding material provide slippage surfaces 
of minimum shear resistance. From several conversations, 
the writers are lead to believe that relatively large quantities 
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Figure 18. Safety factors as determined by the simplified 
Bishop Method using the soil properties 
determined from samples of Wooley 4 Mine 
dump. The pertinent specifications are: 
¢ = 30;5° ,c = 0.0,1/ = .244, So = .2, 
Ho = 220 ft. (67.06 m). 
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Figure 19. Safety factors as determined by the simplified 
Bishop Method using the soil properties deter-
mined from samples of Wooley 4 Mine dump. 
The pertinent soil properties are: ¢ = 39.5°, 
c = 0.0, 1/ = 0.244, So = 0.2, Ho = 100 ft. 
(30.48m). 
of snow did become buried in the fill material. After 
initiation of slippage additional water can much more 
easily enter the material through the cracks. This water 
contributes to additional pore preSS\lres with further 
mass slippage. Influences of progressive failure on slope 
stabilities are discussed by Romani et al. (1972). Hetero-
geneity of the structural properties of the dump material 
can also contribute to less stable slopes. These effects 
are examined in the next section. 
Effects of variations in 
structural properties 
The previous analyses of slope stability are based 
on the assumption that the properties of the entire fill 
are homogeneous. Many mass failures, upon investigation, 
are determined to have slipped along a weaker surface 
created by heterogeneity in the fill. In man-made fills a 
layer of under compaction (or adjacent to an over com-
paction), a lens of structurally poor material, or a layer 
of relatively impervious material placed during adverse 
moisture conditions may all result in a weakened surface. 
Selective placement of poorer structural material in the 
core of the fill or other areas not subject to large shearing 
forces will help prevent mass slippage along weak surfaces. 
While the limited number oflaboratory tests on the 
samples taken from the two mine dumps indicate that the 
engineering properties of the fill materials are relatively 
constant, it is obvious that some heterogeneity in the 
placed materials must exist since the dump is laid down 
3.0 
in a somewhat reversed order to that of the formations in 
the overburden, depending upon how horizontal the original 
(l,) 
til 
ro 
u,' 
15 
~10 
(l,) 
'"(j 
(l,) 
b.O 
ro 
.p 
~ 5 (l,) 
U 
I-! 
(l,) 
P-i 
o Rlope = 2.0 
s10pe = 3.0 
o :.-----+-----+1.-1----+-----1. 15 .05 
Increase in porosity, 1] = .244 
Figure 20. Decrease in the factor of safety with increase in the soil porosity. 
formation is and whether the material is spread uniformly 
over the dump area. To investigate general trends in stability 
due to placement of structurally better material in the 
bottom of the dump versus placement in its top, a number 
of slip circles analyses were performed in which the in-
ternal friction angle of the rna terial was varied. Five 20-
foot (6.1 m) layers have been assumed to exist in a 100 ft. 
(30.5 m) high non-homogeneous fill. In this form ¢ has 
been assumed constant for each layer, but in one series of 
analyses the larger internal friction angles were assumed 
in the bottom of the fill and the smaller values in the top 
of the fill, whereas in the next series 4> was assumed 
larger in the top layers. In each series consecu tive layers 
were assumed to have the internal friction angles of: 45°, 
42.5°,39.5°, 37.5°, and 35°. Table 16 contains a summary 
of the results from these slip circle analyses, the first 20 of 
which are for the larger internal friction angle in the 
bottom layer, and numbers 21 through 40 are for the 
large friction angle of 45° in the top 20 foot (6.1 m) 
layer. The remaining 20 analyses in Table 16 assume a 
single weaker 20 foot (6.1 m) layer with ¢ = 20°, and 
the remaining material with ¢ = 39.5°. This weaker 
layer is first assumed at the bottom of the fill and in sub-
sequent analyses is assumed to exist progressively higher 
in the fill in 20 foot (6.1 m) increments, until in the last 
two analyses in Table 16 to exist in the top 20 feet (6.1 m) 
offill. 
The safety factors determined by the simplified 
Bishop Method for the first group of analyses that assumed 
the largest ¢ = 45° in the bottom layer have been plotted 
against the side slope of the fill in Figure 21. These same 
safety factors for the second group of analyses with ¢ = 35° 
in the bottom layer are shown in Figure 22. A comparison 
of the safety factors for the completely saturated condition 
but for different side slopes is given in Table 17. 
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The safety factors are from 18 to 9 percent greater 
than for the homogeneous case when the material with the 
greater internal friction angle exists in the bottom, and from 
16 to 9 percent less when the material in the bottom layer 
is weaker, Figures 21 and 22 show that for assumed water 
table elevations part way through the fill, that at flatter 
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Figure 21. Safety factors determined from cylindrical 
failure surfaces in which the internal friction 
angle increases with depth below the surface, 
as shown in sketch on figure. The pertinent 
specifications are: c = 0.0,11 = 0.244, So = 0.2, 
Ho = 100 ft (30.48m). 
Table 16. Summary of slip circle anal3'ses in which material layering with different values of internal friction is assumed. (Constant specifications are: 
11 = .244 T1..'J1k = 1281b/ft , So = .2. C = 0.0, Xl = 0.0, Y 1 = 0.0, Ho = 100 ft.) 
Coordinates (£t) r/J for 20 {t layers from bottom Simp. 
Np, Water Convent. R Slope Table F.S. B 
x 2 Y2 x3 Y3 x 4 Y4 <1>1 <1>2 <1>3 <1>4 <1>5 F.S. 
150.0 100.0 ·48.7 265. I 164.3 100.0 269.5 I.S 4So 42.50 39. Sa 37. Sa 3S o Satur. to .S3 .60 
2 liS.O 87.5 -42.3 303.4 175.0 87.5 306.4 2.0 45 0 42.5° 39.50 37.50 35 0 surface .82 .87 
3 175.7 70.3 -10.0 279.9 175.7 70.3 280. I 2. S 45 0 42.50 39. Sa 37. Sa 3S o 1.16 1.23 
"' 
151. 8 50.6 - 9.4 281.4 151.8 SO.6 281. S 3.0 45 0 42. SO 39. Sa 37. Sa 3S o 1.48 1. S3 
5 150.0 100.0 -48.7 265. I 164.3 100. a 269.5 1.5 45 0 42.50 39.50 37.50 350 No. W.T. 1.45 1. SO 
6 175.0 87.5 -42.3 303.4 175.0 87. S 306.4 2.0 4S o 42. Sa 39.5 0 37.50 3S o 1. 87 1. 92 
175.7 70.3 -10.0 279.9 175.7 70.3 280.1 2.5 4S o 42. SO 39.50 37.50 35 0 2.45 2.51 
151.8 50.6 - 9.4 281. 4 151.8 50.6 281.5 3.0 45 0 42. Sa 39.5 0 37.50 350 2.98 3.03 
9 150.0 100.0 -4;;.6 255.9 162.4 100.0 260.0 1.5 45 0 42.5° 39.50 37.5° 350 W.T. at 1.27 1.31 
10 131. 8 65.9 -45.6 255.9 131. 8 65.9 260.0 2.0 45 0 42.5° 39.50 37.50 35 0 Y = 25' 1.46 1.47 
11 171.7 68.7 -10.2 274.4 171.7 68.7 274.6 2.5 45 0 42.5 0 39.5° 37.50 35° 1.86 1.89 
12 71.9 24.0 -49.2 267.4 71.9 24.0 271.9 3.0 45° 42.5° 39.5° 37.5° 35° 1.50 I. S2a 
13 150.0 100.0 -46.3 257.6 162.7 100.0 261.7 1.5 45° 42 • .5° 39.5° 37.5° 35° W.T. at .96 .99 
14 131.8 65.9 -44.2 253.2 131.8 65.9 257.0 2.0 4So 42.5° 39.50 37.5° 35° y.50' .95 • ?8a 
15 121.9 48.8 -47.0 294.2 121. 9 48.8 297.9 2.5 4So 42.5° 39.5° 37.5° 35° 1. 16 1.23 
16 78.4 26.1 -50.0 280.5 78.4 26.1 284.9 3.0 45° 42.5° 39.5° 37.50 35° 1.50 1.53a 
17 150.0 100.0 -46.3 257.6 162.7 100.0 261.7 1.5 45° 42.5° 39.5° 37.5 0 35° W.T. at 0.70 0.75 
18 135.5 67.8 -49.3 268.0 135.5 67.8 2n.5 2.0 45° 42.5° 39.5° 37.50 35° Y = 75 1 .84 .8B 
19 175.7 70.3 -10.0 279.9 175.7 70.3 280.1 2.5 45° 42.5° 39. S° 37. S° 35° 1.16 1.238 
20 151. 8 50.6 
- 9.4 2BI. 4 15 I. 8 50.6 281. 5 3.0 45° 42.5° 39. S° 37. S° 35" 1.48 1.53a 
21 150.0 100.0 -45.6 255.9 162.4 100.0 260.0 1.5 35° 37.50 39.5° 42.50 45° Satur. to .42 .50 
22 138.3 69.2 -49.9 272.8 138.3 69.2 277.3 2.0 35° 37.5° 39.50 42.50 45° surface .66 .70 
23 175_7 70.3 -10.0 279.9 175.7 70.3 280.1 2.5 35° 37.50 39.5° 42.50 45° .B7 • B9 
24 170.0 56.7 - 0.7 285.4 170.0 56.7 285.4 3.0 35° 37.5° 39.5 0 42.50 45° 1.09 1.15 
25 150.0 100.0 -45.6 255.9 162.4 100.0 260.0 1.5 35° 37.50 39.5° 42.5° 45 0 No W.T. 1.26 1.31 
26 131.8 65.9 -44.2 253.2 131.8 65.9 257.0 2.0 35° 37.5° 39.50 42.5° 45° 1. 53 1.56 
~ 27 99.8 39.9 -49.3 268. a 99.8 39.9 272.5 2.5 35° 37.50 39.5° 42.5° 45° 1.83 1.84 Q 28 170.0 56.7 - 0.7 285.4 170.0 56.7 285.4 3.0 35° 37.5° 39.5° 42.5° 45° 2.23 Z.288 
29 150. a 100.0 -45.6 255.9 162.4 100.0 260.0 1.5 35° 37.5° 39.5° 42.5° 45° W.T. at 1.13 1. 15 
30 167.5 83.7 -27.4 264.1 167.5 83.7 265.5 2.0 35° 37.5° 39.5° 42.5° 45° Y = 25' 1.31 1.33 
31 131. 9 54.0 -27.4 264.1 134.9 54.0 265.5 2.5 35° 37.5° 39.5° 42.5° 45° 1. 35 1.35 
32 71.4 23.8 _48.7 265.1 71.4 23.8 269.5 3.0 35° 37.50 39.5° 42.5 0 45° 1.09 1.15 
33 150.0 100.0 -40.0 246.4 162.2 100.0 249.6 1.5 35° 37.5° 39.5° 42.5° 45° W.T. at .88 .88 
34 167.5 83.7 -27.4 264.1 167.5 83.7 265.5 2.0 35° 37. S° 39.5 0 42.50 45° Y = 501 .94 .95 
35 99.8 39.9 -49.3 268.0 99.8 39.9 272.5 2.5 35° 37.5° 39.5° 42. SO 45° .87 .89 
36 73.8 24.6 -49.9 272.8 73.8 24.6 277.3 3.0 35° 37.5° 39.5° 42.5° 45° 1.06 1.07 
37 150.0 100.0 -45.6 255.9 162.4 100.0 260.0 1.5 35° 37.5° 39.5° 42. S° 45° W.T. at .63 .65 
38 131.8 65.9 -44.2 253.2 131.8 65.9 257.0 2.0 35° 37.5° 39.5° 42. S° 45° Y = 75 1 .66 .70 
39 99.8 39.9 -49.3 268.0 99.8 39.9 272.5 2.5 35° 37.5° 39.5° 42.5° 45° .87 .89 
40 170.0 56.7 .7 285.4 170.0 56.7 285.4 3.0 35° 37.5° 39. S° 42.5° 45° -1.09 1.15 
41 150.0 100.0 -26.0 261.4 181. 2 100.0 262.7 1.5 20° (20' ). 39.5° (100' ) No. W.T. 1.17 1.19 
42 149.9 50.0 -10.0 279.9 149.9 50.0 280.1 3.0 20° (20'). 39.5° (100' ) 1.58 1.58 
43 150.0 100.0 -36.9 242.6 162.8 100.0 245.4 1.5 39.5° (20'). 20° (40'). 39.5° (100') 1.11 1. 14 
44 187.1 62.4 - 4.4 325.1 187.1 62.4 325.1 3.0 39. S° (20'). 20° (40'). 30.5° (100' ) 1.99 2.01 
45 150.0 100.0 -44.2 253.2 162.1 100.0 257.0 1.5 39.5° (40').20° (60').39.5° (100') 1.19 1. 23 
46 197.6 65.9 9.1 301. 9 197.6 65.9 302.1 3.0 39.5° (40'). 20° (60'). 39. S° (100' ) 2.3' 2.40 
47 150.0 100.0 -48.7 265.1 164.3 100.0 269.5 1.5 39.5° (60'). 20° (80'). 39. S° (100') 1.2:; 1.26 
48 150.0 50.0 -10.0 279.9 149.9 SO. a 280. I 3. C 39.5° (60' l. 20° (80'). 39.5° (100') 2.53 2.57 
49 150.0 100.0 -49.3 268. a 165.2 100.0 272.5 1.5 39. S° (80'). 20° (100') 1.31 1.35 
50 149.9 50.0 -10.0 279.9 149.9 50.0 280. I 3.0 39.5° (80'), 20° (IDa' ) 2.53 2.57 
51 150.0 100.0 -26.0 261.4 181. 2 100.0 262.7 1.5 200 (20'). 39.5° (100') Satur. to .41 .47 
52 170.0 56.7 - 0.7 285.4 170.0 56.7 285.4 3.0 20° (20'), 39.5° (100' ) surface .75 .77 
53 150.0 100.0 -44.2 253.2 162.1 100.0 257.0 1.5 39. S° (20'). 20° (40'). 39. S° (100' ) .38 .44 
54 187.1 62.4 - 4.4 325.1 187.1 62.4 325.1 3.0 39.5° (20'). 20° (40'). 39. S° (100') 1. 00 1.02 
55 150.0 100. a -48.7 265.1 164.3 100.0 269.5 1.5 39. S° (40'). 20° (60'). 39. SO (100' ) .43 .48 
50 197.6 1>5.9 9.1 301.9 197.6 65.9 302.1 3.0 39.5° (40'), 20° (60'). 39. S° (100') 1.18 1.23 
57 150.0 100.0 -48.7 265.1 164.3 100.0 269.5 1.5 39. S° (60'). 20° (80'). 39.5° (100' ) .46 .50 
58 149.9 50.0 -10.0 279.9 149.9 50.0 280.1 3.0 39.5° (60').20° (80'),39.5° (100') 1.25 1.30 
59 150.0 100.0 -48.7 265.1 164.3 100.0 269.5 1.5 39.5° (80'). 20° (100') .48 .54 
60 149.9 50.0 -10.0 279.9 149.9 50.0 280. I 3.0 39. S° (80'), 20° (100') 1.25 1.30 
·Shallow surfa.ce failure below water table. 
Table 17. Safety factors under complete saturation for 
homogeneous fill and for layered fill. 
Homogeneous 
= 39.5° 
Group No.1 
= 45° to 35° upperward 
(percen t increase) 
Group No.2 
= 35° to 45° upperward 
(percent decrease) 
Side Slope 
3.0 2.5 2.0 1.5 
1.30 1.06 .77 .55 
1.53 1.23 .87 .60 
+18%+16% +13% +9% 
1.15 .89 .70 .50 
-12% -16% -9% -9% 
slopes the safety factors are no larger than for the com-
pletely saturated condition. A closer examination of the 
slip circles for these analyses, as can be determined from 
the coordinates given in Table 16, reveals that for these 
analyses the slip circle is entirely below the elevation of 
the assumed water table and is generally close to the fill 
surface. 
The conclusion from these analyses is that the dump 
will be more stable against mass failure by placing the 
rna terial with the larger in ternal friction angle (or cohe-
sive strength) in the bottom of the fill. Since the weight 
of the fill itself causes greater compaction of the lower 
layers this condition will result naturally. If the fill is 
placed directly on the natural terrain, however, particularly 
ifthe surface is not cleared of vegetation and litter, a weak 
lense will likely exist immediately below the placed 
material. 
The results from the latter 20 analyses in Table 16, 
in which a single layer of ¢ = 20° was placed in the other-
wise homogeneous fill with ¢ = 39.5°, are compared with 
the results from similar analyses for homogeneous 
materials (Table 15) in Figure 23. In this figure the reduc-
tion in the safety factor due to the weaker layer has been 
plotted as a function of the position of this layer as shown 
for the four combinations of side slope and no water table 
and complete saturation as covered by the analyses of 
Table 16. A reduction of .99 in the safety factor occurs 
with the weaker layer at the bottom 20 feet (6.1 m) for a 
side slope of 3 to 1 and the no-water table condition. 
Figure 23 also shows that if the weaker layer occurs in 
the top of the fill, essentially no reduction of the safety 
factor occurs. Therefore, surface treatments which may 
decrease the structural strength of the material but en-
hance its ability to support vegetation or lessen its 
erodibility will not increase the likelihood of massive 
failure. 
31 
Conclusions regarding stability 
against mass failure 
In summary, the internal friction angle of the 
materials tested indicate that the mass failure of the 
dump created from the overburden should not be subject 
to massive failure if placed on slopes of 3 to 1 or less even 
even under relatively adverse pore pressure conditions. If 
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Figure 22. Safety factors determined from cylindrical 
failure surfaces in which the internal friction 
angle decreases with depth below the surface, 
as shown in the sketch on the figure. The 
pertinent specifications are: C = 0.0,11 = 
0.244, So = 0.2, Ho = 100 ft (30.48m). 
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Relationships of decrease in safety factors from 
homogeneous fill values with position of weaker 
layer as determined from stability analyses No. 
41 through 60 in Table 16. 
no pore pressures are permitted to develop, the dump fills 
might even be stable if placed on steeper slopes up to 1.5 
to 1. While the structural strength of the material is good 
(Le., internal friction angles of 35° and above) it has low 
permeability and consequently is subject to high pore 
pressure if placed while at or near complete saturation. 
It will require about a year for pore pressures created in 
this manner to be dissipated. 
The material contains relatively large amounts of 
silt size grains and consequently is susceptible to surface 
erosion. The material is also of the composition making 
it susceptible to frost action. With frost action loosening 
the surface material its erodibility will be particularly 
great during the time of snowmelt and highest rainfall. The 
potential for large amounts of erosion during this season 
is great. Consequently, the slopes of the dump fills should 
be constructed taking into account the establishment of 
vegetation and minimization of erosion as well as stabili-
zing against mass failure. Flatter slopes will generally be 
dictated by these latter considerations. 
Hydrology and erosion 
The interrelationship of water, soils, and plants 
would make a study of the placement of overburden 
material incomplete without analyses of the hydrology 
of the area. Pore pressures which cause mass failures are 
due to excess water, caused by rainfall or snowmelt. 
Surface erosion processes, with exception of wind action 
and earthquakes, are dependent upon the action of 
moving water. Knowledge of the amount and timing of 
water available in the soil profile is vital to effectively 
design revegetation practices. Consequently, hydrologic 
analyses of rainfall, snowmelt, and evapotranspiration 
(ET) are included in this report. 
Available hydrologic data. No climate stations 
exist in the immediate vicinity of the Mabie and Wooley 
Valley mines. The nearest temperature and precipitation 
data are available at Conda, Idaho (elevation 6200 ft), 
13 miles to the west, and at Afton, Wyoming, 18 miles to 
the east of the Dry Creek area. A precipitation storage 
gage and a snow course are located at the Slug Creek 
Divide (elevation 7225 ft) 9 miles to the south. Average 
monthly data from the weather station at Conda are given 
in Table 18. The average April 1 snow water content at 
Slug Creek is 16.7 inches; it was 15.0 inches on April 1 ; 
1974, and 16.5 inches on April 1, 1973. 
The lack of data at the actual mine sites makes it 
difficult to accurately assess existing hydrologic condi-
tions which influence snowmelt processes, soil moisture 
status, etc. Only through extrapolation of existing data 
from the Conda weather station through the use oflapse 
rates for temperature and precipitation can estimates of 
these quantities at the mines be obtained. A typical tem-
perature lapse rate is minus 3.SoF for each 1000 foot 
rise in elevation. Using an average mine elevation of 7800 
32 
feet gives a 1600 foot rise in elevation from Conda for 
an estimated total temperature drop of 5.6°F. Thus, as 
an example, the average temperature for May at Conda 
(Table 18, 1967-1972 base) is 48.2°F which after apply-
ing the above lapse rate gives the estimated site temper-
ature of48.2 - 5.6 = 42.6°F. 
Estimation of precipitation at the mine sites is 
more difficult due to the variable nature of storm patterns 
as influenced by wind movement, particularly during the 
summer months when thundershower activity is predominant. 
An often followed procedure locates precipitation 
data at several elevations close to the study site to deter-
mine the relationship of precipitation to elevation to 
estimate site precipitation. Unpublished data from Spawn 
Creek in the Cache National Forest and data from Tooele 
Valley, Utah, were used to provide a rough estimate of 
this relationship in the form of the linear equation 
P7800 =' C P 6200 . . . . . . . . . . . . (2) 
in which P7800 is the estimated precipitation at elevation 
7800 feet, P 6200 equals the recorded precipitation at 
elevation 6200 feet, or at Conda, and the data indicate 
the lapse rate coefficient C should lie within the range of 
1.3 to 1.8. A value of 1.5 will be used. 
Although there is evidence which suggests that the 
precipitation and temperature lapse rates vary with time 
(seasonal or even by storm) the lack of data does not 
permit further refinement of the foregoing equation. 
Table 18. Average monthly precipitation and temperature 
at Conda weather station. 
Month 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Annual 
Averages for Period of 
Record-through 1960 
Temp Precip 
(OF) (inches) 
18.4 1.71 
21.2 1.54 
26.6 1.43 
38.8 1.71 
48.8 2.l5 
54.5 1.80 
63.8 0.72 
62.5 0.97 
54.2 1.41 
44.0 1.39 
29.9 1.81 
22.8 1.81 
40.4 18.45 
Averages for 
1967-1972 
Temp Precip 
(OF) (inches) 
20.4 3.42 
21.6 1.60 
27.5 1.59 
35.8 2.06 
48.2 1.60 
55.2 3.l5 
62.9 0.98 
62.9 1.24 
50.5 1.29 
38.7 1.88 
29.1 1.76 
18.3 2.55 
39.2 23.12 
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